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Heat Sensitive Recording Material 

The present invention relates to heat sensitive recording materials. It more particularly re- 
lates to such recording material in the form of a supporting substrate, for example, a paper 
sheet, synthetic paper sheet or plastic resin film coated with colour-forming systems com- 
5 prising a colourless or pale coloured electron donative compound (colour forming com- 
pound) and an organic electron acceptor (colour developer). 

Heat sensitive recording has conventionally been used as a system for recording trans- 
ferred information through the mediation of heat, by utilising a colour reaction between a 
10 colour forming compound and a colour developer. 

The properties which are most desirable in a heat sensitive recording material, in addition to 
the effective development of colour, are thermal response, background whiteness and im- 
age stability, especially light fastness of the developed colour, heat and moisture fastness 
15 of the developed colour, oil fastness of the developed colour, plasticiser resistance of the 
developed colour and water fastness of the developed colour. 

JP-A 61-109757 claims developing compounds of the formula 

HO_ II OH 




o 

20 wherein R means hydrogen or hydroxy, 

as well as a thermosensitive recording material, characterized in containing colorless or pale 
color-developing dyestuffs, which develop color by means of electron accepting material 
and the abovementioned colour developing compound. 

25 A need exists to improve the above properties and to improve the archival capabilities of 
such recording materials. It is an object of the present invention to provide heat sensitive re- 
cording materials with improved properties, especially to provide an increase in image sta- 
bility whilst improving the background whiteness of the paper before imaging and the back- 
ground whiteness of the undeveloped portion after imaging. 
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Therefore, the present Invention is directed to a colour developer of the formula (1) 

^"OyVa^o^W, (1) 
o o 

5 wherein 

A stands for a unsubstituted or substituted divalent aromatic radical, preferably for 
phenylene, biphenylene, naphthylene, or anthrylene, more preferably for 

-O ■ ■ try . rrr> 



10 



15 



20 




R, and R 2 are Independent of each other and stand for -OH. unsubstituted or substituted 
C,-C 8 alky). unsubstituted or substituted C-Calkoxy, unsubstituted or substituted phenyl or 
naphthyl, -COOR,„, wherein R„ stands for hydrogen, unsubstituted or substituted Ci- 
C 8 alky1, benzyl or unsubstituted or substituted phenyl, -C(0)R ta , or-NR 1s R lb , wherein R 1b , 
independenUy from R la , stands for hydrogen, unsubstituted or substituted Chalky!, benzyl 
or unsubstituted or substituted phenyl, 

Ra stands for hydrogen, hydroxy, unsubstituted or substituted phenyl or naphthyl, unsubsti- 
tuted or substituted d-C^alkyl. unsubstituted or substituted C s -C 10 cycloalkyl. unsubstituted 
or substituted C,-C»alkoxy, unsubstituted or substituted phenyoxy or naphthyloxy, ha- 
lomethyl, -COOR*. wherein R, stands for hydrogen or C-Calkyl. -CONRsRs, wherein Rj 
and Ra, independently from each other stand for hydrogen or d-Cgalkyl, or -N0 2 , 
m stands for 0, 1. 2, 3, 4 or 5, n stands for 0, 1, 2. 3, 4, or 5, p, q1 and q2. independently 
from each other stand for 0. 1, 2. 3. 4. q3. q4, rl, r3 and r5, independently from each other, 
stand for 0, 1, 2, or 3, r2, r4 and r6, independently from each other, stand for 0. 1 or 2, 
with the proviso, that if A stands for para-phenylen, R, for hydroxy (m*0). then R 2 is not hy- 
droxy. 
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Ri, Rz, and R 3 as phenyl or naphthyi or R i0 and R 1b as phenyl can be unsubstituted or sub- 
stituted, preferably one to three times, by, for example, Ci-C 8 alkyl, Ci-C8aJkoxy or halogen. 
Preferred substituents are Ci-C^alkyl, especially methyl or ethyl, Ci-C4alkoxy, especially 
5 methoxy or ethoxy, or halogen, especially chlorine. Ri, R 2 and R 3 as naphthyi are preferably 
unsubstituted. Rj and R 2 as phenyl are preferably substituted, especially by one of the 
above alkyl substituents, R 3> Ri a and R ib as phenyl preferably are unsubstituted. 

Ri, R* Ria and R 1b as CrCsalkyl can be unsubstituted or substituted, one to three times, by, 
10 for example C^Csaikoxy or halogen. Preferred substituents are Ci^alkoxy, especially 
methoxy or ethoxy, or halogen, especially chlorine. Ri, R 2| Ri B and Ri b as Ci-C 8 alkyl are 
preferably unsubstituted. 

, R 3 as Ci-C2 4 alkyl can be unsubstituted or substituted, one to three times, by, for example 
1 5 Ci-Caalkoxy or halogen. Preferred substituents are Ci-C 4 alkoxy, especially methoxy or eth- 
oxy, or halogen, especially chlorine. 

Preferably, at least one of or R 2 is hydroxy. 

20 Another embodiment of the present invention relates to a mixture consisting of 
(a) a color developer (1a) 



A' stands for a unsubstituted or substituted divalent aromatic radical, preferably for 
25 phenylene, biphenylene, naphthylene, or anthrylene, more preferably 




(1a) 



o 



o 



wherein 
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for 



10 



15 




Rr and R 8 are independent of each other and stand for -OH, unsubstituted or substituted 
CrCalkyl. unsubstituted or substituted C,-C 8 alkoxy. unsubstituted or substituted phenyl or 
naphthyl, -COOR 1a , wherein R 1a stands for hydrogen, unsubstituted or substituted C,- 
Caalkyl, benzyl or unsubstituted or substituted phenyl, -C(0)R 1a , or -NR 1e R 1b , wherein R lD , 
independently from R 1a , stands for hydrogen, unsubstituted or substituted C-Csalkyl, benzyl 
or unsubstituted or substituted phenyl, 

R„ stands for hydrogen, hydroxy, unsubstituted or substituted phenyl or naphthyl, unsubstl- 

tuted or substituted d-C^alkyl. unsubstituted or substituted C 5 -C 10 cycloalkyl, unsubstituted 

or substituted C-C^alkoxy. unsubsUtuted or substituted phenyoxy or naphthyloxy, ha- 

lomethyl, -COOR 10 . wherein R 10 stands for hydrogen or C-Csalkyl. -CONRhR^, wherein R„ 

and R 12 , independently from each other stand for hydrogen or C-Cgalkyl, or -N0 2 , 

s stands for 0, 1, 2, 3, 4 or 5. t stands for 0, 1, 2. 3, 4. or 5, u stands for 0, 1. 2, 3, 4, 

v1 and v2. independently from each other, stand for 0. 1. 2, 3, or 4, v3, v4. v5, v7. and v10. 

Independently from each other, stand for 0. 1 , 2, or 3. v6. v8 and v9, independently from 

each other stand for 0, 1 or 2, 

and 

(b) a compound of formula (2) 



20 <R,3> 
wherein D stands for 




(2) 



o 
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wherein D' stands for a unsubstituted or substituted divalent aromatic radical, preferably for 
phenylene, biphenylene, naphthylene, or anthrylene, more preferably for 





(RisU (R,sU < R i»>-7 (RlsU 




wherein R 13 stands for a substituent as defined for R 7l R 14 stands for a substituent as de- 
fined for Rg, R 1s stands for a substituent as defined for Rs, 

w1 stands for 0, 1, 2. 3. 4 or 5. w2 and w3, independently from each other, stand for 0, 1, 2, 
3, or 4, w4, w5, w6. w8 and w1 1 , independently from each other, stand for 0, 1 , 2, or 3. w7, 
w9 and w1 0, independently from each other stand for 0, 1 or 2, 

and wherein the weight ratio of (1a) to (2) is chosen in the range from 99.9:0.1 to 0.1 :99.9, 
preferably from 95:5 to 70:30. 

R 7 . Ra, and R 8 as phenyl or naphthyl can be unsubstituted or substituted, preferably one to 
three times, by. for example. C,-C 8 alkyl. d-Caalkoxy or halogen. Preferred substituents are 
C,.G*lkyl. especially methyl or ethyl. C-Calkoxy, especially methoxy or ethoxy. or halo- 
gen, especially chlorine. R 7 . Ra and R 9 as naphthyl are preferably unsubstituted. R 7 and R 8 
as phenyl are preferably substituted, especially by one of the above alkyl substituents. R 9 
as phenyl preferably Is unsubstituted. 

Rr and R 8 as Chalky! can be unsubstituted or substituted, preferably one to three times, 
by. for example C-Csalkoxy or halogen. Preferred substituents are C-C^alkoxy. especially 
methoxy or ethoxy, or halogen, especially chlorine. R 7 and R 8 as C-Caalkyl are preferably 
unsubstituted. 

25 R 9 as C,-C*alkyl can be unsubstituted or substituted, preferably one to three times, by. for 
example C-Calkoxy or halogen. Preferred substituents are C,-C,alkoxy, especially meth- 
oxy or ethoxy. or halogen, especially chlorine. 
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C-C^alkyl e.g. stands for methyl, ethyl, n-propyl. i-propyl. K sec., tert. butyl. n-,K tert- 
pentyl. n-hexyl. n-heptyl. n-octyl. 2-ethyl-hexyl. n-nonyl. n^Jecyl. n-undecyl, n-dodecyl n- 
tridecyl. n-tetradecyl. n-pentadecyl. n-hexadecyl. n-heptadecyl. n-octadecyl. n-nonadecyl. rv 
5 eicosyl. n-uneicosyl. n-<foeicosyt, n-trieicosyl. n-tetraeicosyl. preferably for C,-Cealkyl such 
as defined below. 

C-Csalkyl e.g. stands for methyl, ethyl, n-propyl. i-propy|. n -. K sec. tert. butyl, n-.K tert- 
pentyl. n-hexyl. n-heptyl. n-octyl. 2-ethyt-hexyl, preferably for C-Cealkyl such as methyl 
10 ethyl, n-propyl. i-propyl. n-. K sec. tert. butyl. n-.K tert-pentyl. n-hexyl. particular preferred 
for C-Calkyl such as methyl, ethyl, n-propyl, i-propyl. n-. K sec., tert. butyl. 

C-C^alkoxy e.g. stands for methoxy. ethoxy. n-propoxy. n-butoxy, n-pentoxy. n-hexoxy. n- 
heptoxy, n-octoxy. 2-ethyl-hexoxy. n-nonoxy, n-decoxy, n-undecoxy. n-dodecoxy, n- 
15 tridecoxy, n-tetradecoxy, n-pentadecoxy, n-hexadecoxy, n-heptadecoxy, n-octadecoxy, n- 
nonadecoxy. n-eicosoxy, n-uneicosoxy, n-doeicosoxy, n-trieicosoxy. n-tetraeicosoxy, pref- 
erably for d-Cealkoxy such as defined below. 



C-Cealkoxy e.g. stands for methoxy. ethoxy. n-, i-propoxy, n-butoxy, n-pentoxy. n-hexoxy. 
n-heptoxy, n-octoxy. preferably for C,-C 4 alkoxy such as methoxy, ethoxy, n-, i-propoxy, n- 
butoxy. 



Cs-Cocycloalkyi stands for e.g. cyclopentyl, cydohexyi. cycloheptyl, cyclooctyl. cydononyl, 
cyclodecyl, preferably cyclopentyl and cycylohexyf. 

25 

A further embodiment of this invention relates to compounds of formula (2) as well as their 
use as colour developers. 



A particularly preferred compound (1) or (1a) is represented by formula (1b) 
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(1b) 



A particularly preferred mixture is a mixture of the following two compounds (1b) and (2a) 





(1b) (2a) 

5 wherein the weight ratio of (1 b) and (2a) is chosen in the range of 99.9:0. 1 to 0. 1 :99.9, 
preferably from 95:5 to 70:30. 

The compounds of formula (1) resp. (1a) can be prepared e.g. via the following route, in 
particular, should R t6 be different from R 17 : 




( R ie)zi (R,s)zi 




10 

O 



(B1) ( ci) 




(Rio)* (Rir^^^ 
(C1) (A2) 

wherein R 16 stands for a substituent as defined for R 7 , and A, for A or A', R 17 stands for a 
substituent as defined for Rs, z1 for an integer a defined for s, and z2 for an integer as 
15 defined for t. and wherein Hal stands for halogen, preferably for chloro or bromo. Ester 
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derivatives of formula (1) or (1a) may also be synthesized from a suitable dihydroxy 
compound, for example 1 ,2-benzenedimethanol. 

Usually the benzoic acid derivative (A1) is reacted with a dihalogen derivative (B1) in a sol- 
5 vent at a temperature in the range of from 0 to 100»C. The duration of the reaction usually 
depends on inter alia the temperature and the reactivity of the educts, but as a rule the du- 
ration is chosen in the range of from 5 minutes to 48 hours. As solvent the following sol- 
vents or their mixtures can be used: N.N-dirnethyl-acetamide. N.N-dimethylformamlde di- 
methyl sulfoxide, acetone, tetrahydrofuran. 1.4-dioxane. acetonrtrile. sulfolane. hexamethyl- 
10 phosphoramide. polyethylene glycols ("PEG"), alcohols such as methanol, ethanol. n-, i- 
propanol, n-butanol. alkyl amines such as triethylamine. tripropylamine, triethanolamine or 
water. Of course, the above list is not completed, but exhibits the variety of different sol- 
vents, which can be used. The reaction may also be carried out in the absence of a solvent. 

15 In a preferred embodiment a base is added to the reaction mixture in order to neutralize the 
liberated acid. A number of different bases can be chosen Including both organic and 
inorganic bases. Suitable bases are exemplified, but not limited to the following: alkali metal 
carbonates, alkali metal bicarbonates such as potassium bicarbonate, alkaline earth metal 
oxides, amines, pyridines, alkali metal hydroxides such as sodium hydroxide or potassium 
hydroxide or the corresponding ammonium hydroxides such as such as tetrabutyl 
ammonium hydroxide. 



20 



The molar ratio of (A1) to (B1) usually depends on whether R 18 is the same as R 17 or 
different. If R 16 is the same as R 17 then the molar ratio is chosen in the range of from 3:1 to 
25 10:1. If R 16 and R 17 are different then the total amount of (A1) + (A2). based on the amount 
of (B1). preferably is chosen in the range of from 3:1 to 10:1, wherein the amounts of (A1) 
and (A2) preferably are the same. 

Generally, the weight ratio of solvent to compound (A1) is chosen in the range of from 20:1 
30 to 0:1, preferably from 20:1 to 0.1:1. 
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After reaction, the reaction products can be isolated by methods known in the art. These 
are exemplified by, but not limited to, distillation, crystallisation, precipitation, addition of a 
non-solvent, extraction, filtration, centriftigation eta 

Therefore, another embodiment of the present invention relates to a process for the manu- 
facture of a colour developer of formula (1) by reacting a benzoic acid derivative with a 
dihalogen derivative, in which 
(a) benzoic acid derivative of formula (A1) 




(A1) 

10 is reacted with a dihalogen derivative of formula (B1 ) 

Hal^A^Hal 

<B1) 

wherein R 16 stands for -OH, unsubstituted or substituted Ci-C 8 alkyl f unsubstituted or substi- 
tuted Ci-C B alkoxy, unsubstituted or substituted phenyl or naphthyl, -COOR 1a , wherein R ia 
stands for hydrogen, unsubstituted or substituted Ci-CaalkyI, benzyl or unsubstituted or 
15 substituted phenyl, -C(O)Ri 0 , or -NR 1a Ri b , wherein R 1b( independently from R 1e , stands for 
hydrogen, unsubstituted or substituted Ci-Csalkyl, benzyl or unsubstituted or substituted 
phenyl, z1 stands for 0, 1, 2, 3, 4 or 5, 

Ai stands for a unsubstituted or substituted divalent aromatic radical, or 
(b) a mixture of benzofc derivatives (A1) and (A2) 

p 



17/lZ 



U . A 

<*17 

20 (A2) 

Is raected with a dihalogen derivative of formula (B1), 

wherein R 17 , different from R 16 , stands for -OH, unsubstituted or substituted Ct-Caalkyl, un- 
substituted or substituted Ci-Caalkoxy, unsubstituted or substituted phenyl or naphthyl, - 
COOR 1a , -C(0)R 1a , or 
25 -NR 1a R 1b , z2 stands for 0, 1 , 2, 3, 4 or 5, 
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or 



(c) benzoic acid derivative of formula (A1) Is reacted with dihalogen derivative (B1) to yield 
compound (C1) 



^ Hal 



(C1) 

and then compound (C1) is reacted with compound of formula (A2). 
wherein the molar ratio of (A1) or «A1)+(A2)) to <B1) is chosen in the range of from 31 to 
10:1. 



If desired, compound (C1) can be isolated and used for former reactions such as with 
10 compound (A1 ) or (A2), or - in order to obtain compounds (2) or (2a) - with compound (1) 
resp. (1e) in analogy to the following reaction scheme: 
O 




provided R, and/or R 2 of compound (1) stand for hydroxy. 



15 The reaction conditions can be chosen as described for the synthesis of compounds (1) or 
(1a) above. 

Generally, a mixture of compounds (1) resp. (1a) and (2) resp. (2a) can be obtained either 
by simply mixing the two components or by adjusting the above reaction conditions for the 

20 manufacture of (1) in such a way that compounds (1 ) resp. (1a) and (2) resp. (2a) are pro- 
duced during the same reaction. Preferably this can be done, If the amounts of (A1 ) and 
(B1) or ((A1)+(A2) are chosen such that the molar ratios (A1) to (B1) or ((A1)+(A2) to (B1) 
are in the range of less than 3:1, preferably from 0.01:1 to 2:1. Of course, an optimisation of 
the usual process parameters such as temperature, molar ratio, solvent, duration etc. also 

25 could lead to the inventive mixture as can be seen in the examples. 
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Therefore, another embodiment of the present invention relates to a process for the manu- 
facture of a mixture of colour developer (1 ) and compound of formula (2), in which 
(a) benzoic acid derivative of formula (A1) is reacted with a dihalogen derivative of formula 
(B1), or 

5 (b) a mixture of benzoic derivatives (A1) and (A2) is reacted with a dihalogen derivative of 
formula (B1), 
or 

(c) benzoic acid derivative of formula (A1) is reacted with dihalogen derivative (B1) to yield 
compound (C1) and then compound (C1) Is reacted with compound of formula (A2), 
10 wherein the molar ratio of (A1) or «A1 >*(A2)) to (B1) is chosen in the range of less than 3:1. 

Another embodiment of the present invention is directed to a heat sensitive composition 
consisting of 

a) a colour forming compound, and 
15 b) a colour developer of the formula (1). 

A further embodiment of the present invention is directed to a heat sensitive composition 
consisting of 

a) a colour forming compound, and 
20 b) a mixture of colour developer of formula (1a) and compound of formula (2). 

A further embodiment of this invention relates to a mixture of a colour developer of formula 
(1) and a compound of formula (2), which is obtainable by the process described above. 

25 A further embodiment of this invention relates to a process for the manufacture of com- 
pound (2), wherein compound (C1) is reacted with colour developer (1). 

The colour forming compounds are, for example, triphenylmethanes, lactones, benzoxazi- 
nes, spiropyrans or preferably fluorans. 



30 



Preferred colour formers include but are not limited to; 3-diethylamino-6-methylfIuoran, 3-di- 
methylamino-6-methyl-7-anilinofluoran, 3-diethylamino-6-methyl-7-anilinofluoran, 3-diethyl- 
amino-6-methyl-7-{2,4-dimethylanilino) fluoran, 3-diethylamino-6-methyl-7-chlorofluoran, 3- 
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diethyIaniino^methy|.7K3-trifluorom e thy)anilino) fluoran, 3-diethylamino-6-m e thyl-7H2. 
chloroanilino) fluoran, 3KJtethyla m in(^-methyl-7-<4-chloroanilino) fluoran, 3Kflethy1amino-6- 
™W-7K2-fluoroanflino)fluoran.3^ieth^ 

ethylamino -7-<4-n-octy!ann.no) fluoran, 3-diethylamino -7-<n.octylamino) fluoran. 3-dieth^ 
ammo -7-(dibenzylamino) fluoran. 3^i e thylami„o^- m ethyl-7.(dibenzylamlno) fluoran 3-di- 
ethylamino6-chloro-7-methytfluoran. 3^iethylamino-7-t*utylfluoran. S^lethylamino -7^ar- 
boxyethylfluoran, 3-di8thylamino^chloro-7-anninofluoran, 3^iethylamino-6-methyl-7-<3- 
methylaniUno)fluoran, 3-diethy.an,lno^methy..7-(4^nathylann i no) fluoran, SKliethylamino- 
6^thoxyethyl-7-anilinofluoran, 3-diethylamino-7-methylfluoran. 3-diethylamino-7- 
chlorofluoran. 3-diethylamino-7-(3-trifluoron,ethylaniHno) fluoran. 3-diethylamino-7-(2- 

ch. 0 roani l ino)fluoran.3K 1 iethylamino-7^2-fluoroaniHno)fluo ra n.3^iemyla m ino-bGn Z o[a] 
fluoran. 3-diethylamino-benzoIc] fluoran. S-dibutylamino^-dibenzylaminofluoran 3- 
dibulyIamino-7-anilinofluoran . 3-diethylamino-7-a ni linofluo ra n. 3-dibuty1amino-6-methyl 
fluoran. S-dibutylamino-e-methyl^-anilinofluoran. 3Ki.butylamino-6-methyl-7-<2 4- 
dimethylanilino) fluoran. 3-dibutylamino^-methyl-7-<2^lo ro anilino) fluoran. S^butyiamino- 
6-methyl-7-(4-chlo ro anilino) fluoran. 3-dibutylamino-6-mathyl-7-(2-fluoroanilino) fluoran 3- 
d 1 butylamino-6^ e thyI-7-(3-trifluorom e i h ylaniIino)fluoran. 3-dibutylamino-6-ethoxyethy.-7- 
an.linofluoran, 3^ibutylamino-6-ch!oro-anflinofluoran. 3«Jibutylamino-6-methyl-7-<4- 
methylanilino) fluoran. 3-dibutylamino-7-(2-chlo ro anilino) fluoran. S-dibutylamino^a- 
fluoroanBino) fluoran. 3^ibutylamino-7-(N- m ethy.-N-fonT 1 y1amino) fluoran. 3-dipentylamino- 
^methyl-7-an.linofluoran, a-dipentylaraino-O-methyl^^-chloroanilino) fluoran 3- 

dipentylamino-7^3-trifluoromethylaniIino)fluoran.3<lipenty.amino-6- C h.oro-7-anilinofluoran 
3-dlpentylaraino-7-(4Hchloroanilino) fluoran, 3- PyTO lidino^methyl-7-anilinofluoran 3- 

piperidino^-methyl-7-anillnofluoran,3^N-methyl-N-p rop y|amino)^methy|.7^nilinofluoran 

3-(NHnethyl^clohexyIamino)^m e thyl-7.anilinofluoran,3^^hyl-N^doh e xylamino>6. 

methyl-7^nilinofluoran,3KN-ethyl-p-toluidino)-6-methyl-7-anilinofluoran.3-(N-ethyl-N- 

isoamylamino)^- me tt.yl-7^nllinofluo ra n,3KN-ethyl-r^ S oamylamino)-6-ch!oro-7- 

anilinofluoran.3-(N-ethyI-N-tetrahyd ro furfurylamino)-6- m ethyl-7-anilinofluoran,3^ 

isobutylamino)-6-m e thyl-7-anilinofluo ra n.3-(N-butyl-N-isoamylamino)-6-methyl-7- 

anilinofluoran.3KN-isop ro pyl-N^-pentylarnino)-6-methyl-7-anilinofluoran.3-(N-ethyl-N- 

ethoxy pro py.a m ino)^ m ethy|.7^nilinofluoran.3-cyclohexyla m ino-6- C hlo ro fluoran.2-m e thyl- 
6-p-(p-dimethytaminophenyl)aminoanninofluoran,2-methoxy-6- p -(p- 

di mG thylaminophenyl)aminoanilinofluoran,2-chloro-3-methy)-6-p-{p-phenylamino- 
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pheny))aminoanninofluoran,2-diethylamino-6-p-{p- 
dimethylaminophenyl)aminoanninofluofan,2-phenyl^-methyl-6-p^p- 
phenylaminopheny1)aminoanilinofluoran, 2-benzyl-6-p-{p-phenyl- 

amir ra phenyl)aminoanflinofluoran l 3-mathyl^-pKp-dimethylaminophenyl)amino- 
• anilinofluoran, 3-diethylamino^-p^dtethy!aminoph8nyl)aminoanflinofluoran. 3-diethyI- 
amino-6-pHp-dibulylamlnophenyl)aminoanilinofluoran,2.4-dimethyl^K4-dimethylamino^ 
anilino] fluoran. S-K^imethylaminophenylJaininol-S.r-diniethylfluoran, a.e.e'-^dimethyl- 
amino) S piro[fluo re ne-9.3^phthalide],3.6.6^Ws(dlethy1amino)spi ro [fl U orene-9 ( 3^phth 
. 3.3-bls(P-dimethy1aminopheny1>^im8thylaminophthalide,3,3-bi S (pKiimBthylamino- 
pheny!)phthalide. S.S-bis-P-Cp-dimethylaminophenyl^-ftMnethoxyphenylJethenyl^.S 6 7- 
tetrabromophthalide, S.S-bis-PKpKlimethylaminophenyl^Kp-methoxyphenyiJethenyl- ' 
4,5,6,7-tetrachiorophthalide,3,3-bisf1 l 1-bis(4-pyrrdidinopheny1)ethyIen e -2-yl]-4,5 l 6 l 7- 
tetrabremophthalide, 3.3-bis-[1-(4^etho X yphenyl)-1-(4-pyrridinophenyl)ethy1en e -2-ya- 
4.5.6.7-tetrachtorophthalide. 3^^ 

y<^^Phthalide.3-(4-diethylamino-2^^ 

azaphthalide, 3-(4-cydohexyi e thylamino-2-methoxyphenyl)-3^1^thyt-2-methy^indole-3-yi)- 
4-azaphthalide, 3.3-bis(1-elhyl-2-fnethylindole-3-yl) phthalide, 3,3-bis(1-octyl-2- 
methylindole-3-yl) phthalide, mixture of 2-phenyi^-(4-diethylaminophenylH-{4- 
methoxyphenyD-e-methyl^imathylaniino-S.I-benzoxazine and 2-phenyl-4-(4- 
<«ethylaminophenyl)^<4-methoxy P henyl)^ 

[1-methyIethylidene)bis(4,1- P henylen e oxy^,2-qulna 2 olinedlyl)]bis[N.N-diethy1ben 2 enamine] 
b.s(N-methy1diph e nylamine)^yl-(N-butylcarba Z ole)-3-yl- m ethane.6-di e thylamino.1,2- 
benzofluoran, 3-(diethylamino)-6,8-dimethylfluoran, 3-N-etyhl-N-p-methylphenylamino-7- 
methylfluoran and mixtures thereof. 

All of the above colour forming compounds can be used singly or as a mixture with other 
colour forming compounds; or they may also be used together with further black colour 
forming compounds. 



Highly preferred are 3-die m ylamino^-methyl-7-anilinofluoran. 3-diethylamino-6-methyl-7-C 
methylanil.no) fluoran. 3-diethylamino-6-methyl-7-{2.4^imethylanilino) fluoran, 3-dibu- 
tylamino^-methyl-7-anilinofluo ra n,3-dipentylamino-6-methyl-7-anilinofluoran,3-(N-methyl- 
^propytamino)-6-methyl-7-anilinofluo ra n,3-(N-methyl-N-cyclohexylamino)^-methyl-7-ani- 
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linofiuoran, S^N-ethyl-N-isoamylamino^ethyl-y-anilinofluoran, 3-<liethylamino-6^hloro- 
7-anilinofluoian. 3-dibutylainino-7-(2-chloroannino)fliJoran. 3-N^thyt-p-toluidino-6-methyl-7- 
anilinofluoran.S-^-emyl-hWetrah^^ 

isobutylamino)-6-methyl-7-anflinofluoran. 3-N-elhi4-N-ethoxypropylamino-6-methyl-7-ani- 
linofluoran,2.4-dimethyl-6-[(4-<Jiniethylainino)anilino]fluoran > 3-(4Kliethylamino-2-ethoxy- 

pheny))^(1^-2-methylindole-3yl)^a 2 aphthalide.3,3-bis(p-dimethylaminophenylH-di- 
methylaminophthalide and mixtures thereof. 

It is also possible to use solid solutions comprising at least two colour forming compounds. 

A monophase (or single-phase or guest-host) solid solution possesses a crystal lattice 
which is identical with the crystal lattice of one of its components. One component is em- 
bedded as the 'guest 1 in the crystal lattice of the other component, which acts as the 'host 1 . 
The X-ray diffraction pattern of such a monophase solid solution is substantially identical to 
that of one of the components, called the 'host'. Within certain limits, different proportions of 
the components produce almost identical results. 



In the literature, the definitions by the various authors, such as, G.H.Van't Hoff, 
A.I.Kitaigorodsky and A.Whitacker for solid solutions and mixed crystals are often contra- 
20 dietary, (of, e.g. 'Analytical Chemistry of Synthetic Dyes'. Chapter 1 0/page 269, Editor 
K.Venkataraman, J.Wiley, New York, 1977). 

The term 'monophase solid solution' or 'multiphase solid solution' or mixed crystal', as de- 
fined herein, therefore, should be taken from the following definitions, which have been 

25 adapted to the current improved state of knowledge of such systems: 

A monophase (or single-phase or guest-host) solid solution possesses a crystal lattice, 
which is identical with the crystal lattice of one of its components. One component is em- 
bedded as the 'guest 1 in the crystal lattice of the other component, which acts as the 'host'. 
The X-ray diffraction pattern of such a monophase solid solution is substantially identical to 

30 that of one of the components, called the 'host'. Within certain limits, different proportions of 
the components produce almost identical results. 
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A multiphase solid solution possesses no precise, uniform crystal lattice. It differs from a 
physical mixture of its components in that the crystal lattice of at least one of its compo- 
nents is partially or competely altered. In comparison to a physical mixture of the compo- 
nents, which gives an X-ray diffraction diagram that is additive of the diagrams seen for the 
5 individual components, The signals in the X-ray diffraction diagram of a multiphase solid so- 
lution are broadened, shifted or altered in intensity. In general, different proportions of the 
components produce different results. 

A mixed crystal (or solid compound type) solid solution possesses a precise composition 
10 and a uniform crystal lattice, which is different from the crystal lattices of all its components. 
If different proportions of the components lead, within certain limits, to the same result, then 
a solid solution is present in which the mixed crystal acts as a host 
For the avoidance of doubt it may also be pointed out that, inter alia, there may also be 
amorphous structures and mixed aggregates consisting of different particles of different 
15 physical type, such as. for example, an aggregate of different components each in pure 
crystal modification. Such amorphous structures and mixed aggregates cannot be equated 
with either solid solutions or mixed crystals, and possess different fundamental properties. 



20 



As hereinbefore detailed, the monophase solid solutions comprise a plurality of colour com- 
pounds. Suitable colour forming materials, which may be included in the solid solutions are 
those given above. 



Of particular interest are the following monophase solid solutions: 
3-dibutylamino-6-methyl-7-anilinofluoranand 3-dibutylamino-7-dibenzvlaminof)uoran; 3- 
dibutylamino-6-methyl-7-anillnofluoran and 3-dibutylamlno-7-anilinofluoran; 3-dibutylamino- 
6-methyl-7-anilinofluoran and 3-diethylamino-7-anilinofluoran; 3-diethylamino-6-methyl-7- 
anilinofluoran and 3-diethylamino-7-anilinofluoran; 3-dibutylamino-6-methyl-7-anninofluoran 
and 3-diethylamino-6-methyl-7-anilinof)uoran; 3-dibutylamino-6-methyl-7-anilinofluoran and 
3-N-isoamyl-N-ethylamino-6-methyl-7-anilinofluoran; 3-dibutylamino-6-methyl-7- 
anilinofluoran and 3-N-2-pentyl-N-ethylamino-6-methyl-7-anilinofluoran; 3-dibutylamino-6- 
methyl-7-anilinofluoran and 3-N-isopropyl-N-ethylamino-6-methyl-7-anilinofluoran; 3- 
dibutylamino-6-methyl-7-anninofluora 

anilinofluoran; 3-dibutylamino-6-methyl-7-aniIinofluoran and 3-dipropylamino-6-methyl-7- 
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anflinofiuoran; 3-dibutylamino-6-methyl-7-anDinofluoran and 3-N-2-butyWM-ethylamino-6- 
methyl-7-anilinofluoran; 3-dibutylamino-6-memyl-7-anilinofluoran and 3-N-cydohexyl-N- 
methylamino-6-methyl-7-anilinofluoran; 3-dibutylamino-6-methyl-7.anninofluoran and 3- 
diethylamino-6-methyl-7-(3-methy!annino) fluoran; 3-dibutytamino^methyl-7-anninofluoran 
and 3-diethylamino-6-methyl-7K2,4-dimethylanilino) fluoran; 3-dibutylamino^-methyl-7- 
aniiinofluoran and 3-dipentylamino-6-methyl-7-anilinofluoran; 3-<Jibutylamino-6-methyJ-7- 
anninofluoran and 3-(N-methyl-N-propylamino>6-methyl-7-anninofl U oran; 3-dibutylamino-6- 
methyl-7-anilinofluoran and 3-diethylamino-6-chloro-7-anilinofluoran; 3-dibutylaminc-6- 
methyl-7-anOinofluoran and 3-dibutylamino-7-<2-chloroanilino)fluoran; 3-dibutylamino-6- 
methyl-7-anDinofluoran and 3-N-ethyl-p-to!uidlno-6-methyl-7-anilinofluoran; 3-dibutylamino- 
6-melhyl-7-anilinofluoran and 3-(N-ethyl-N-tetrahydtDfurfurylaniino)^-methyl-7- 
anilinofluoian; 3-dibutylarnino-6-methyl-7-anilinofluoran and 3-(N-ethyl-N-isobuty1amino)-6- 
methyl-7-anillnofluoran; 3-dibutylamino-6-methyl-7-anilinofluoran and 3-N-ethyl-N- 
ethoxypropylamino-6-metr.yl-7-anilinofluoran; 3-dibulylamino-6-methyl-7-anilinofluoran and 
2,4-dimethyl-6H(4Klirnethylamino)anUino]fluoran;3-N-isoamyl-N-ethylamino-6-me^^^ 
anilinofluoran and 3-diethylamino^-methyl-7-anilinofluoran; 3-diethyIamino-6-methyl-7. 
anilinofluoran and 3-N-propyl-N-methyIamino-6-methyl-7-anilinofluoran; 3-diethylamino-6- 
methyl-7-<3-tolyl)aminofluoran and 3-diethylamino-6-methyl-7-anilinofluoran; 3-dibutylamino- 
6-methyl-7-anilinofluoran and 3,3-bis(1-octyl-2-methylindol-3-yl)phthalide; 3-dibutylamino-6- 
20 methyl-7-anainofluoran and mixture of 2-phenyl-4-(4-diethylaminophenylH-(4- 

methoxyphenyl)-6-methyl-7Kli m ethylamino-3,1-benzoxazineand 2-phenyi-4-(4-diethyl- 
aminophenyl)-4-(4-rnethoxyphenyl)-8-methy|.7-dimethylamino-3,1 -benzoxazine; 3- 

dibutylamino-6-rnethyl-7-anninofluoranand4,4'-[1-methyl e thylidene)bis(4,1-phenyleneoxy- 
4,2-uinazolinediyl)]bis[N,N-dlethylbenzenamine]. 



15 



25 



30 



In the above monophase solid solutions the first compound is in a molar ratio of 75 to 
99.9% by mole, the second compound is in a ratio of 25 to 0.1% by mole. 

Examples of monophase solid solutions comprising two components A and B in the stated 
ratios are: 3-dibutylamino-6-methyl-7-anilinofluoran (99.9%), 3-diethylamino-6-methyl-7-ani- 
linofluoran (0.1%); 3-dibutylamino-6-methyl-7-anilinofluoran (99%), 3-diethylamino-6-methyl- 
7-anilinofluoran (1%); 3-dibutylamino-6-methyl-7-aniiinofluoran (95%), 3-diethylamino-6- 
methyl-7-anilinofluoran (5%); 3-dibutyiamino-6-methyl-7-anilinofluoran (90%) and 3-N-2- 
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pentyl-N^thylamino-e-methyl-y-anilinofluoran (10%); 3Kflbutylamino-6-methyl-7- 
anilinofluoran (95%) and 3-N-2-pentyl-N^thy.amino^-n,ethyl-7-ani.inofluomn (5%)- 3- 
d.butylamIno^nethyl-7-anflinofluoran (90%) and S-N-feopropyWM-ethylamin^ethyJ-^ 
anilinofluoran (10%); S^ibutylamino-e^ethy^-anilinofluoran (95%) and 3-N-isop ropy) -N- 
ethylamino^-methyl-7-anilinofluoran (5%); 3«iibutylamino^ethyl-7-anninofl U oran (90%) 
and S-N^ydohaxyimethyl-N-ethylamino-e-methyl^-anilinofluoran (10%); 3-dib Ut ylamino-6- 
methyt-7-anilinofluoran (95%) and 3-N.Cyclohexylmethyl- N ^thylamino^-methyl-7- a ni- 
l.nofluoran (5%); 3-dibutylamino-6-methyl-7-anilinofl U oran (90%) and 3-dipropylamino-6- 
methyl-7-anilinofluoran (10%); 3-dibutylamino-6-methy«-7-aniirnofluo ra n (95%) and 3- 

dipropylamino^methyl-7-anilinofl U o ra n(5%);3^ibutylamino^- m ethy ) -7-anflinofluoran 
(90%) and 3-N-2-butyl-N^thylamino^-methyl-7-anilinofl U oran (10%); 3-dibutylamino-6- 
methyl-7-aninnofluoran (95%) and 3-N-2-butyl-N-ethylaniino6- m ethyl-7-anflinof,uoran (5%)- 
3-dibutylamino6- m ethyl-7-anilinonuoran (90%), 3-diethylamino-6-methyl-7-anflinonuoran ' 
(10%); 3^ibutylamino-6-methyl-7-anilinofluoran (85%), 3-dtethylarnino-6-rnethyl-7- 
anilinofluoran (15%); 3-dibutylamlno-6-methyl-7-anilinofluoran (80%), 3-diethylamlno-S- 
methyl-7-anilinofluoran (20%); 3Klibutylamino^.methyl-7-anHinofluoran (95%), 3-N-lsoamyl- 
N^thylamino^.m e thyl-7-anilinofiuo ra n(5%);3^ibuty.amino^ m ethyl-7-anninofluo ran 
(90%), S-N-isoamyl-N-ethylamino-e^ethyl^-anllinofluoran (10%); S-dibutyiamino-e-methyl- 
7-anilinofluoran (80%). S-N-isoamyl-N-ethylamlno-e-methyl^-anilinofluoran (20%)- 3- 
dibutyIamino^methyl-7-anilinofIuo ra n(90%).3-N-cydohexyl-N- m ethylamino-6-methyl-7^ 
anilinofluoran (10%); 3-diethylamlno^- me thy1-7-anilinofluoran (90%). 3-N-isoamyl-N- 
athylamino^.methyl-7-anilinofluoran (10%); 3-diethyiamino-6-methyl-7-anilinofluoran (80%) 
3-N-fsoaniyl-N-ethylaminc^ m ethyl-7-anilinofluo ra n(20%);3-diethylamino.6-m8W^ 
anilinofluoran (20%), S-N-isoamyl-N-ethylamino^-methyl-^anilinofluoran (80%)- 3- 

diethylamino-6- m ethyl-7-aniIinofluoran(10%),3-N-isoamy^N-ethyIa m ino^-meth'yl-7-ani- 
linofluoran (90%); 3-diethylamino-6wnethyl-7-anilinofluoran (90%), 3-N-propyl-N- 

methylamino-6-m e th y l-7-anilinofluoran(10%);3-diathyiamino^-melhyl-7-anilinofluoran 
(80%), S-N-propyl-N-methylamino-e-methyl^-anilinofluoran (20%); S-diethylamino-B-methyl- 
7-an.l.nofluoran (20%). 3-N-propyl-N- me thy)amino-6-methyl-7-anilinofluoran (80%)- 
3-diethylamlno-6-methyl-7-an^ 

linofluoran (90%); 3-di8thyiamino-6-methy.-7-anilinofluoran (10%), S-diethylamino-S-methy.- 
7-(3-tolyl)aminofluoran (90%); 3-diethylamino^-methyl-7-anilinofluoran (20%), 3- 
diethyiamino-8- m ethyl-7-(3-tolyl)amInofluoran(80%);3-dibutylamino-6-m e thyi-7- 
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anilinofluoran (90%). 3,3-bIs(1-octyt-2-m e thylindol-3-yl)phthalid e (10%); 3-<fibutyJamino-6- 
methyl-7-anninofluoran (80%), 3,3-bis(1-octyI-2-methyIindol-3-yl)phthaIide(20%); 3- 
dibiityiamino^methyl-7-anilinofluoran (90%). mixture of 2-phenyt^K4-diethylaminophenyl)- 
4-(4-methoxyphenyt)-6-methyt-7-climethytamino-3,1-benzoxazine and 2-pheny1-4-(4- 
5 °iewy1aminophenyl)^(4-memoxyphenyl)-8^^ 

3-dibutylamino-6-methyl-7-anilinofluoran (80%). mixture of 2-phenyi-4-(4-diethylamino- 
phenyi)^4-methoxypheny»)-6-methyl-7-dimethyiamino-3.1-benzoxazine and 2-phenyl-4-(4- 

diethylaminophenyi)^4-memoxyphenyl)-8-methyl-7-dimethyiamino-3.1-ben2oxa Z ine(20 
3Kiibutylamino^-methyl-7-anilinofIuoran (90%). 4.4 , -[1-methylethylidene)bis(4.1- 
10 phenyleneoxy-4.2-quinazolinediyl)]bis(N,N-diethyibenzenamine]{10%); 

3Klibutylamino-6-m8thyi-7-anilinofIuoran(80%),4.4'-[1-methylethylidene)bis(4.1- 
pheny!eneoxy-4,2-quinazolinediyl)]bis[N,N-diethylbenzenamine](20%). 



15 



The monophase solid solutions can be used singly or as a mixture with other colour forming 
compounds such as triphenylmethanes. lactones, fluorans. benzoxazines and spiropyrans; 
or they may also be used together with further black colour forming compounds. Examples 
of such other colour forming compounds are given hereinbefore. 

The monophase solid solutions can be prepared by a variety of methods. One such method 
20 is the reorganisation method wherein a physical mixture of the desired components is dis- 
solved, with or without heating, in a suitable solvent or solvent mixture. Suitable solvents in- 
clude but are not limited to toluene, benzene, xylene, dichlorobenzene. chlorobenzene. 1 .2- 
dichloroethane. methanol, ethanol. iso-propanol, n-butanol. acetonitrile. dimethylformamlde 
or mixtures of these solvents with each other and with water. The monophase solid solution 
25 is then isolated by crystallisatton from the solvent or solvent mixture. This can be brought 
about by cooling, standing, addition of a further solvent to promote crystallisation or concen- 
tration by standard means such as distillation, steam distillation and vacuum distillation. 
When the monophase solid solution is isolated by concentration it may be advantageous to 
do so in the presence of a small amount of base, to improve the visual aspect of the iso- 
30 lated product 



Alternatively, monophase solid solutions can be prepared from mixtures of the appropriate 
starting materials. The technique can be used to produce mixtures of two or more fluorans 
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or phthaKdes. For example, mixtures of two fluorans are produced by replacing a single 
starting material with two analogous materials to the same total molar concentration in the 
reaction. In the case of fluorans, these starting materials are derivatives of amino phenols, 
phthalic anhydrides, keto acids and diphenylamines. 

5 

Usually, the molar ratio of colour developer or colour developers to colour forming com- 
pound or compounds is chosen in the range of from 20:1 to 0.1:1, preferably from 5:1 to 
0.5:1, more preferably from 4:1 to 1:1. 

10 In addition to the inventive colour developers (1). (1a) and (2), I is possible to further add 
additional colour developers. Such developers are exempted by but not limited to: N-p- 
toluenesulfonyl-lsr-3-(p-toIuenesulfonyloxy)phenyl urea, 4,4'-isopropylidene bisphenol, 4,4'- 
sec-butylidene bisphenol, 4 J 4'-cydohexylidene bisphenol. 2,2-bis-(4-hydroxyphenyiHl ' 
methylpentane. 2,2KJimethyl-3,3-di(4-hydroxyphenyl)butane l 2,2'^dihydroxydiphenyl, 1- 
phenyi-1 ,1-bis(4-hydroxyphenyl)butane, 4-phenyl-2,2-bis(4-hydroxyphenyl)butane, 1- 
phenyi-2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4'-hydroxy-3^methylphenyl)^ 
methylpentane. 2,2.bis(4 , -hydroxy-3'-tert-butyllphenylH-methylpentane. 4,4'-sec- 
butylidene-bis (2-methylphenol), 4,4'-isopropylidene-bis (2-tert-butylphenol), 2,2-bis(4 f - 
hydroxy-S'-isopropylphenylH-methylpentane, allyl-4,4-bis (4'-hydroxyphenyl) pentanoate, 
propargyM,4-bis(4'-hydroxyphenyl) pentanoate, n-propyl-4 f 4-bis (4'-hydroxyphenyl) pen- 
tanoate, 2,4-bis (phenytsulfonyl) phenol, 2-(4-methylsuIfonyl)-4-(phenylsulfonyl) phenol, 2- 
(phenylsulfonyiH-(4-methylsuIfonyl) phenol, 2,4-bis (4-methylphenylsulfonyl) phenol, pen- 
tamethylene-bis(4-hydroxybenzoate), 2,2-dimethyl-3,3-di(4-hydroxyphenyl)pentane, 2,2- 
di(4-hydroxyphenyl)hexane, 4,4'-dihydroxydiphenyl thioether, 1 ,7-di(4-hydroxyphenyithio)- 
25 3,5-dioxaheptane, 2,2 , -bis(4-hydroxyphenyithio)diethyl ether, 4 t 4'-dihydroxy-3,3'- 

dimethylphenyl thioether; benzyl-4-hydroxybenzoate, ethyU-hydroxybenzoate, propyl-4- 
hydroxybenzoate, isopropyl-4-hydroxybenzoate, butyl -4-hydroxybenzoate, isobutyl-4- 
hydroxybenzoate, 4,4'-dihydroxydiphenyl sulfone, 2,4'-dihydroxydiphenyl sulfone, 4- 
hydroxy-4'-methyldiphenyl sulfone, 4-hydroxy-4'-isopropoxydlphenyl sulfone, 4-hydroxy-4'- 
30 butoxydiphenyl sulfone, 4,4'-dihydroxy-3 1 3'-diallyldiphenyl sulfone, 3,4-dihydroxy-4'- 

methyldiphenyl sulfone, 4,4 , -dihydroxy-3,3 , ,5,5 , -tetrabromodiphenyl sulfone, 4,4'-bis (p- 
toluenesulphonylaminocarbonylamino) diphenylmethane, N-p-toluenesulphonyl-N'-phenyl 
urea, dimethyl 4-hydroxyphthalate, dicyclohexyl 4-hydroxyphthalate, diphenyl 4- 



20 
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hydroxyphthalate, 4-[2-(4-memoxypheny1oxy)emyloxy] salicylate. 3.5-dMert-butylsalicylic 
acid, 3-benzyl salicylic acid, 3-(a,methylbenzyl) salicylic acid, 3-phenyl-5-(a,o>di- 
methylbenzyl) salicylic acid, 3.5^i-o>methylbenzyl salicylic acid; metal salts of salicylic acid, 
2-benzylsulfonylbenzoic acid, 3-cyclohexyM-hydroxybenzoic acid, zinc benzoate, zinc 4-nl 
trobenzoate. 4-<4--phenoxybutoxy)phthalic acid. 4-(2'-phenoxyethoxy)phthalic acid, 4-(3'- 
phenytpropyloxy)phthalic acid, mono (2-hydroxy ethyl) -5-nitro-isophthalic acid, 5-benzyloxy- 
carbonyl isophthalic acid, 5-(r-phenylethanesulfonyl) isophthalicacid, bis(1.2-dihydro-1.5- 
dimethyI-2-pheny1-3H-pyrazol-3-one^)bis(thiocyanato-N) zinc, polymer of 4,4'-sulfonyibis- 
phenol with 1,1'-oxybis[2-chloroethane] (CAS [191680-63-8]). polymer of 2,2- 
bis(hydroxymethyl)1,3-propanediol with 4-hydroxybenzoate (CAS [92881-24-8]), polymeric 
esters of 4-hydroxybenzoic acid (formed by the reaction of 4-hydroxybenzoic acid with poly- 
hydroxy compounds), N-(4-hydroxyphenylM'-methylbenzenesulfonamide, zinc 4- 
(octyloxycarbonylamino)salicytate, urea urethane developers as described in EP-A 
1,116,713, or polyhydroxystyrene as decribed e.g. in US 2003/50191, and mixtures thereof. 

Preferably, the inventive heat sensitive composition Is used for the manufacture of a heat 
sensitive recording material. 

Hence, another embodiment of this invention relates to a heat sensitive recording material, 
which comprises at least one colour developer of formula (1 ) resp. (1 a), or the inventive 
composition, i.e. a mixture of colour developer of formula (1) or (1a) and compound (2) 
resp. (2a). 



In another preferred embodiment, the heat sensitive recording material further comprises at 
25 least one sensiOser. In still another preferred embodiment, the heat sensitive recording ma- 
terial further comprises at least one stabiliser, and/or further additives as described below. 

The heat sensitive recording material can be prepared according to conventional methods. 
For example, at least one colour forming compound, at least one colour developer and, if 
30 desired, at least one sensitiser are pulverised separately in water or a suitable dispensing 
medium, such as aqueous polyvinyl alcohol by means of e.g. a ball mill, an attritor, a sand 
mill, a bead mill or like pulverizer to form an aqueous or other dispersion with an average 
particle diameter preferably in the range of 0.2 to 2.0 jun. 
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The fine particle dispersions thus obtained are usually combined and then mixed with con- 
ventional amounts of binder, pigment, and, if desired, a stabiliser and/or one or more aux^ 
iaries, and the resulting mixture preferably is stirred to obtain a heat sensitive coating com- 
5 position. This compositions is usually then applied to a support and the resulting coating is 
dried. 

The inventive system can be employed for other end use applications using colour-forming 
materials, for example, a temperature indicating material. 

10 

The support can be a variety of suitable supports used in this field, and examples thereof 
include paper, wood-free paper made from non-chlorine bleached pulp, base paper contain- 
ing waste paper, plastic films, and synthetic paper. 

15 In addition, the heat sensitive recording material of the invention can contain a sensitlser. 
Generally, the molar ratio of sensitizer to colour former is chosen in the range of from 0.5:1 
to 10:1, preferably 1:1 to 4:1. 

Representative examples of sensitiser are stearamide, methylol stearamide, p-benzyibi- 
20 phenyl, m-terphenyl, 2-benzyloxynaphthalene, 4-methoxybiphenyl, dibenzyl oxalate, di(4- 
methylbenzyl) oxalate, di(4-chlorobenzyl) oxalate, dimethyl phthalate, dibenzyl terephtha- 
late, dibenzyl isophthalate, 1 ,2-diphenoxyethane, 1,2-bis(4-methylphenoxy) ethane, 1,2- 
bis(3-methylphenoxy) ethane, 4,4'-dimethyl biphenyl, phenyl-1-hydroxy-2-naphthoate, 4- 
methylphenyl biphenyl ether, 1 ,2-bis(3,4-dimethylphenyl) ethane, 2,3,5,6-4'-methyldiphenyl 
25 methane, 1 ,4-diethoxynaphthalene, 1 ,4-diacetoxybenzene, 1 ,4-diproprionoxybenzene, o- 
xylylene-bis(phenyl ether), 4-(m-methylphenoxymethyi) biphenyl, p-hydroxyacetanilide, p- 
hydroxybutyranilide, p-hydroxynonananilide, p-hydroxylauranilide, p-hydroxyoctadecan- 
anilide, N-phenyl-phenylsulphonamide, acetyl biphenyl compounds (e.g. as described in 
JP2003 063149A2) and 2-phenoxyethyl-N-phenylcarbamate. 



30 



The above sensitisers are known or can be prepared according to known methods. 
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In addition, the heat sensitive recording material of the invention can contain a stabiliser. As 
a rule, the molar ratio of stabDizer to colour former is chosen in the range of from 0.05:1 to 
10:1, preferably from 0.1:1 to 2:1. 

Representative stabilisers for use in heat sensitive recording materials include 2,2'-methyl- 
ene-bis(4-methyl-6-tert-butylphenol).2,2'-m^ 

tylidene-bis(3-methyl-6-tert-butylphenol), 4.4'-thio-bis(2-tert-butyl-5-methylphenol). 1 ,1.3- 
tris(2-methyl^-hydroxy^-tert-butylphenyl) butane. 1.1,3-Ws(2-memyl^hydroxy-5^ycl'o- 
hexylphenyl) butane, bis (34ert-butyl^-hydroxy-6-methylphenyl)sulfone. bis (3,5-dibromo- 
4-hydroxyphenyl) sulfone. 4,4'-sulfinyl bis (2-tert-butyl-5-methylphenol). ^'-methylene bis 
(4,6-di-tert-butylphenyl) phosphate and alkali metal, ammonium and polyvalent metal salts 
thereof. 4-benzyloxy^'-(2-methylglycidyloxy) diphenyl sulfone. 4,4'-diglycidyloxydiphenyl 
sutfone, 1,4-diglycidyloxybenzene, 4-[cKhydroxymemyl)ber>zytoxy]^hydroxydiphenyt sul- 
fone, metal salts of p-nitrobenzoic acid, metal salts of phthalic acid mono benzyl ester, 
metal salts of cinnamic acid. 2,2 , ,3,3 , -tetrahydro-3,3.3'.3'-tetramethyl-1.r-spribi-(1H- 
indene)-6,6'-diol and mixtures thereof. 

Preferred stabilisers are 4.4'-butylidene-bis(3-methyl-6-tert-butylphenol), 4.4'-thio-bls(2-tert- 
butyl-5-methylphenol), 1,1.3-tris(2-methyl-4-hydroxy-5-tert-butyiphenyl) butane. 1.1.3-tris(2- 
methyl-4-hydroxy-5-oyclohexylphenyl) butane. 4-benzyloxy-4'-{2-methylglycidyloxy) diphenyl 
sulfone and mixtures thereof. 



Representative binders for use in the heat sensitive recording layer include polyvinyl alcohol 
(fully or partially hydrolysed). carboxy-modifled polyvinyl alcohol, acetoacetyl-modifled poly- 

25 vinyl alcohol, diacetone-modified polyvinyl alcohol, silicon-modified polyvinyl alcohol, oxi- 
dised starch, gelatine, caesin, derivatives of cellulose such as hydroxyethyl cellulose, 
methyl cellulose, ethyl cellulose, carboxymethyl cellulose and acetyl cellulose, starch -vinyl 
acetate graft copolymers, styrene-maleic anhydride copolymers, methyl vinyl ether-maleic 
anhydride copolymers, isopropylene-maleic anhydride copolymers and like water-soluble 

30 resins, styrene-butadiene latex, acrylic latex, urethane latex and like water-dispersible res- 
ins and mixtures thereof. The amount of the binder to be used is about 5 to 40 weight %, 
preferably about 7 to 30% based on the heat sensitive recording layer. 
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Representative pigments for use in the heat sensitive recording layer include ground cal- 
cium carbonate, precipitated calcium carbonate, kaolin, calcined kaolin, aluminium hydrox- 
ide, talc, titanium dioxide, zinc oxide, amorphous silica, barium sulfate, polystyrene resin, 
urea-formaldehyde resin, hollow plastic pigment and mixtures thereof. As a rule the amount 
5 of pigment to be used is chosen in the range of from 5 to 75 weight-%. preferably from 10 
to 60 weight-%. based on the heat sensitive recording layer. 

Representative lubricants for use in the heat sensitive recording layer Include stearamide, 
methylene bis stearamide. polyethylene wax, carnauba wax, paraffin wax, zinc stearate. ' 
10 calcium stearate and mixtures thereof. 

Examples of various auxiliaries that can be added to the heat sensitive layer coating com- 
position, if so desired, include surfactants such as sodium dioctylsulfosuccinate. sodium 
dodecybenzenesulfonate. sodium lauryl sulfate and fatty acid metal salts; insolubilisers 
15 such as glyoxal. urea-formaldehyde resins, melamine-formaldehyde resins, polyamide res- 
ins, polyamideamine-epichlorohydrin resins, adipicacid dihydrazide, boric acid, borax, am- 
monium zirconium carbonate and potassium zirconium carbonate; antifoaming agents, fluo- 
rescent whitening agents, fluorescent dyes and/or pigments, tinting dyes and UV absorbers. 

20 Usually the heat sensitive recording layer coabng composftion is applied to the support in an 
amount in the range of from 1 to 10 g/m 2 . preferably from 2 to 7 g/m 2 on a dry weight basis. 
The heat sensitive recording layer coating composition may be applied to the support by a 
known coating device such as a coating bar, a roll coater, an air knife coater. a blade 
coater, a gravure coater, a die coater or a curtain coater. 

25 

If desired, an undercoat layer can also be provided between the support and the heat sensi- 
tive recording layer in order to improve the thermal sensitivity and efficiency during re- 
cording. The undercoat layer is formed by coating the support with an undercoat layer coat- 
ing composition comprising as main components organic hollow particles and/or an oil ab- 
30 sorbing pigment and a binder and then drying the coating. 

Representative examples of oil absorbing pigments include clay, calcined clay, amorphous 
silica, precipitated calcium carbonate and talc. The average pigment diameter may be in the 
range 0.01 to 5 pm. preferably from 0.02 to 3 urn. 
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Representative examples of organic hollow particles include particles having a shell made 
from an acrylic resin, styrene-based resin and vinylidene chloride-based resin and having a 
void ratio of about 50 to 99%. The outside diameter of the organic hollow particle may be in 
the range of 0.5 to 10 pm. preferably from 1 to 5 pm. 

The organic hollow parBdes may be expandable hollow partides. A typical example of such 
expandable hollow partides are microcapsules having an average diameter of 0.1 to 5 pm 
comprising a vinylidene chloride resin shell and butane gas as fill material. When a support 
coated with an undercoat layer comprising such expandable hollow partides is subjected to 
heat treatment, the microcapsules may expand to an average particle diameter in the range 
of e.g. 1 to 30 pm. 

When the oil absorbing pigment is used in combination with the organic hollow partides, the 
combined amount of the two components is preferably chosen in the range of from 40 to 90 
weight-%. particularly from 50 to 80 weight-%, based on the undercoat layer. 

Preferably, the binder used in the undercoat layer is seleded from the binders to be used in 
the heat sensitive recording layer and particularly preferred examples are styrene-butadiene 
latex, a polyvinyl alcohol or starch-vinyl acetate copolymer. The amount of binder to be 
used Is chosen e.g. In the range of from 5 to 30 weight-%, particularly 10 to 20 weight-%, 
based on the undercoat layer. 

Generally, the undercoat recording layer coating composition is applied to the support in an 
25 amount in the range of from 2 to 20 g/m a , preferably from 4 to12 g/m 2 on a dry weight basis. 

If desired, a protertive layer may be provided on the heat sensitive recording layer to en- 
hance the resistance of the recorded image to water and chemicals, for example, oils. fats, 
alcohols, plasticisers and the like to improve the runability during recording. Usually, the 
30 protertive layer is formed by coating the heat sensitive recording layer with a protective 

layer coating composition comprising as main components a binder having film-fomiing abil- 
ity and opHonally, a pigment and/or an insolubiliser and/or a lubricant and then drying the 
resulting coating film. 



20 
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Represerrtative examples of the binder to be used in the protective layer coating composi- 
tion include e.g. polyvinyl alcohol (ftilly or partially hydrolysed), carboxy-modified polyvinyl 
alcohol, acetoacetyl-modified polyvinyl alcohol, diacetone-modified polyvinyl alcohol, silicon- 
5 modified polyvinyl alcohol, starches, gelatine, caesin, gum arable, derivatives of cellulose 
such as hydroxyethyl cellulose, methyl cellulose, ethyl cellulose, carboxymethyl cellulose 
and acetyl cellulose, starch vinyl acetate graft copolymers, styrene-maleic anhydride co- 
polymers, methyl vinyl ether-maleic anhydride copolymers, isopropylene-maleic anhydride 
copolymers and like water-soluble resins, styrene-butadiene latex, acrylic latex, urethane la- 
10 tex and like water-dispersible resins and mixtures thereof. 

The pigment, insolubiliser, lubricant and, if required, other auxiliaries may be chosen from 
those above described in the heat sensitive recording layer coating composition. 

15 The protective layer coating composition preferably is applied in an amount in the range of 
from 0.5 to 10 g/m 2 , preferably from 1 to 5 g/m 2 on a dry weight basis and may be applied 
with a similar coating device to that used to coat the heat sensitive layer. 

It is also possible to provide a protective layer, an adhesive layer and a magnetic layer on 
20 the rear side of the support. 

In particular the invention provides exceptional resistance to plasticiser. oil and heat ageing 
whilst showing improved background whiteness. 

25 The following non-limiting examples, illustrate the novel materials of the present invention. 
Examples 



30 



ExampleA : A m,xture of 4-hydroxybenzoic acid (6.0 g, 0.05 mol) and tetrabutyl ammonium 
hydroxide (33 ml, 0.05 mol. 40% b.w. aqueous solution) is stirred in methanol /water (1:1, 
60 ml) for 3 hours at room temperature. After the solvent is evaporated, the resulting oil is 
treated with a.a-dibromo-m-xylene (6.6 g. 0.025 mol) in N.N-dimethylformamide (75 ml) at a 
temperature in the range of 20 to 25'C and the reaction mixture stirred at this temperature 
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for 16 hours. After removal of solvent, a viscous oil is obtained, which is treated with water 
(100 ml) and extracted with ethyl acetate (2 x 75 ml). The combined organic layers are 
washed with HCI (0.5 N, 75 ml), NaHCO, (5% b.w.. 75 ml) and brine solution (75 ml). Re- 
moval of the solvent gives a crude solid that is triturated with toluene to give a white solid 
(4.84 g, 51%) of 4-hydroxybenzoicacid 1 ,3-phenylenebis(methylene) ester. 

Ex9mple B : A mixture 4-hydroxybenzoic acid (30.4 g. 0.22 mol), dichloro-o-xylene (15.4 
g. 0.088 mol), potassium bicarbonate (24.2 g, 0.242 mol) and N.N-dimethylacetamide (27 g) 
are heated to 90»C and held at this temperature for 4 hours. After cooling to 50»C, water 
(100 g) is added and the solution is allowed to cool to 25'C. After precipitation, the solids 
are filtered, washed with water (8x30 ml) and dried. This gives a white solid (31 g), which is 
a mixture of 4-hydrexy-benzoic acid 1.2-phenylenebis(methylene) ester and the correspond- 
ing compound (2) (ratio compound of type (1) to (2) = 76:14 by HPLC). 

^"P' 6 C : A mixture of 4-hydroxybenzoic acid (6.9 g, O.OSmol), dibromo-o-xylene (6.6 g, 
0.025 mol), sodium carbonate (5.5 g) and N.N-dimethylformamide (100 ml) are stirred at ' 
20-C and held at this temperature for 24 hours. The reaction mixture is then poured onto 
water (400 g) and is stirred for 1 hour. After precipitation, the solids are filtered, washed with 
water (8x30 ml) and dried. This gives a white solid (31 g), which is a mixture of 4-hydroxy- 
benzoic acid 1.2-phenylenebis(methylene) ester and the corresponding compound (2) (ratio 
compound of type (1) to (2) = 80:16 by HPLC). 

ExampleD: A mixture of 4-hydroxybenzoic acid (13.8 g, 0.1mol), dibromo-m-xylene (10.9 g, 
0.041 mol), sodium carbonate (10.6 g) and N,N-dimethylformamide (100 ml) are stirred at 
20-C and held at this temperature for 24 hours. The reaction mixture is then treated with 
water (100 g) and extracted with ethyl acetate (3 x 150ml). The organic solvent was then 
removed under reduced pressure and the resulting oil treated with water (200ml). After pre- 
cipitation, the solids are filtered, washed with water (8x30 ml) and dried. This gives a white 
solid (13.5 g), which is a mixture of 4-hydroxy-benzoic acid 1 ,3-phenylenebis(methylene) 
ester and the corresponding compound (2) (ratio compound of type (1) to (2) = 79 9 by 
HPLC). 
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Example E : A mixture of 4-hydroxybenzoic acid (9.13 g. 0.66 mol). dichloro-o-xylene (3.85 
g, 0.022 mol), potassium bicarbonate (11.3 g) and N.N-dimethylaeetamide (27 g) are 
heated to 90»C and held at this temperature for 2.5 hours. After cooling to 60«C. water (100 
g) is added and the solution is allowed to cool to 25°C. After precipitation, the solids are fil- 
tered, washed with water (8x30 ml) and dried. This gives a white solid (7.4 g), which Is a 
mixture of 4-hydroxy-benzoic acid 1 ,2-phenylenebis(methylene) ester and the correspond- 
ing compound (2) (ratio compound of type (1) to (2) = 82:15 by HPLC). 

Example F : A mfarture ^ 4-hydroxybenzolc acid (69.0 g, 0.5 mol), dibromo-o-xylene (66.0 g, 
0.25 mol), sodium carbonate (1 1.3 g) and N,N-dimethylformamide (1 1) are stirred at 20'C 
for 19 hours. The reaction mass was then poured onto 20% aqueous sodium bicarbonate 
solution (1 .5 1) and the solid formed (97.6g) was filtered. The solid was then extracted into 
acetonitrile (1 1), filtered and then the solvent was removed under reduced pressure. The oO 
obtained was treated with water (400 ml) and the precipitate was filtered, washed with water 
(3 x 50 ml) and dried. This gives a white solid (37.5 g), which is a mixture of 4-hydroxy- 
benzoic acid 1,2-phenylenebis(methylene) ester and the corresponding compound (2) (ratio 
compound of type (1 ) to (2) = 72:14 by HPLC). 

Example G : The N.N-dimethylformamide/20% aqueous sodium bicarbonate liquors from 
Example F above where extracted with ethyl acetate (2 x 500ml). The combined organic ex- 
tracts were washed with water (2 x 150 ml) and then evaporated under reduced pressure. 
This gave a white solid (32.5 g) which was purified using column chromatography to give 4- 
hydroxy-benzoic acid 1,2-phenylenebis(methylene) ester as a white solid (99% purity). 

ExampleH : A mlxture of 4-hydroxybenzoic acid (45.7 g, 0.33 mol), dichloro-o-xylene (19.25 
g, 0.1 1 mol). potassium bicarbonate (56.5 g, 0.56 mol) and N.N-dimethylacetamide (135 g) 
are heated to 90°C and held at this temperature for 2 hours. After cooling to 50°C, water 
(550 g) is added and the solution is allowed to cool to 25°C. After precipitation, the solids 
are filtered, washed with water (2x75 ml) and dried. This gives a white solid (40.3 g), which 
Is a mixture of 4-hydroxy-benzoic acid 1.2-phenylenebis(methylene) ester and the corre- 
sponding compound (2) (ratio compound of type (1)to (2) = 88:12 by HPLC). 



WO 2004/099116 



PCT/EP2004/050607 



-28- 



10 



15 



20 



25 



30 



ExajngleJ: A mixture of 4-hydroxybenzoic acid (60.8 g. 0.440 mol) and N.N-dimethyl- 
acetamide (54 g) are heated to 50-55*0 and treated with potassium bicarbonate (484 g 
0.484 mol). Dichloro-o-xyiene (30.8 g. 0.176 mol) is then added and the reaction mixture' 
heated to 90'C and held at this temperature for 4.5 hours. After coo.ing to 60'C. methane. 
(40 g) is added, followed by water (200 g) and the solution is allowed to cool to 25'C After 
precipitation, the solids are filtered, washed with water (2x75 ml) and dried This gives a 
white solid (62.0 g). which is a mixture of 4-hydroxy-benzoic acid 1.2-phenylenebis- 
(methylene)esterand the corresponding compound (2) (ratio compound of type (1) to (2) = 
79:15 by HPLC). V ' 

ExampleJ: A mixture of 4-hydroxybenzoic acid (9. 13 g. 0.022 mol) and N.N-dimethyl- 
acetamide (100 ml) at 25'C Is treated with potassium bicarbonate (1 1.3 g, 0.1 12 mol) Di- 
bromo^xylene (30.8 g. 0.176 mol) is added and the reaction mixture is then held at 25°C 
for 20 hours. The reaction mass is then poured onto water (400 ml) and the solids are fil- 
tered, washed with water (3x50 ml) and dried. This gives 4-hydroxy-benzoic acid 1,2- 
phenylenebis-(methylene)ester as a white solid (8.6 g, 98% purity, mp 210 to 213'C). 

ExanigleK: A mixture of 4-hydroxybenzoic acid (152.0 g, 1.100 mol) and N.N-dimethyl- 
acetamide (135 g) are heated to 50 to 55°C and treated with potassium bicarbonate (121 0 
g. 1.210 mol). Dichloro-o-xylene (77.0 g, 0.44 mol) is then added and the reaction mixture 
heated to 90«C and held at this temperature for 4.5 hours. After cooling to 60'C. methanol 
(100 g) is added, followed by water (500 g) and the solution is allowed to cool to 25'C After 
precipitation, the solids are filtered, washed with water (3x250 ml) and dried. This gives a 
white solid (156.6 g). which is a mixture of 4-hydroxy-benzoic acid 1.2-phenylenebis- 
(methylene)ester and the corresponding compound (2) (ratio compound of type (1 ) to (2) = 
80:13 by HPLC). 11 

ExameteL: A mixture of 4-hydroxybenzoic acid (30.4 g, 0.220 mol) and dimethylsulfoxide 
(27 g) are heated to 50 to 55°C and treated with potassium bicarbonate (24.2 g, 0.242 mol) 
Dichloro-o-xylene (15.4 g. 0.088 mol) is then added and the reaction mixture heated to 80'C 
and held at this temperature for 2 hours. After cooling to 60°C. methanol (20 g) is added 
followed by water (100 g) at 30'C. After precipitation, the solids are filtered, washed with" 
water (4x50 ml) and dried. This gives a white solid (30.7 g), which is a mixture of 4-hydroxy- 
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benzoic acid 1.2-phenylenebis-(methylene)esterand the corresponding compound (2) (ratio 
compound of type (1) to (2) = 74.8:12.1 by HPLC). 

Example M : A mixture of 4-hydroxybenzoic acid (17.26 g, 0.125 mol), dichloro-o-xylene 
(8.75 g, 0.05 mol) and triethanolamine (18.64 g. 0.125 mol) are heated to 90°C and held at 
this temperature for 1.5 hours. After cooling to 60'C. methanol (15 ml) is added, followed 
by water (100 g) and the solution is allowed to cool to 25«C. After precipitation, the solids 
are filtered, washed with water (3x50 ml) and dried. This gives a white solid (15.2 g). which 
is a mixture of 4-hydroxy-benzoic acid 1.2-phenylenebis-(methylene)ester and the corre- 
sponding compound (2) (ratio compound of type (1) to (2) = 82:13 by HPLC). 

Example N : A mixture <* 4-hydroxybenzoic acid (30.4 g. 0.220 mol) and PEG-200 (30 g) are 
heated to 50 to 55°C and treated with potassium bicarbonate (24.2 g. 0.242 mol). Dichloro- 
o-xylene (15.4 g. 0.088 mol) is then added and the reaction mixture heated to 90°C and 
15 held at this temperature for 2 hours. After cooling to 60°C, methanol (10 g) is added, fol- 
lowed by water (100 g) at 30°C. After precipitation, the solids are filtered, washed with water 
(4x50 ml) and dried. This gives a white solid (29.6 g). which is a mixture of 4-hydroxy- 
benzoic acid 1.2-phenylenebis-(methylene)ester and the corresponding compound (2) (ratio 
compound of type (1 ) to (2) = 64:20 by HPLC). 

20 

Example O: A mixture of 4-hydroxybenzoic acid (73.0g. 0.528 mol) and N.N-dimethyl- 
acetamide (64.8g) are heated to 50 to 55°C and treated with potassium carbonate (40.1 g, 
0.290 mol). Dichloro-o-xylene (37.0 g, 0.21mol) is then added and the reaction mixture 
heated to 90'C and held at this temperature for 5 hours. N.N-dimethylacetamide (64.8g) is 

25 then added and the suspension is filtered, the solid is washed with hot N.N- 
dimethylacetamide (50.0g). The combined mother liquors and wash are distilled under vac- 
uum to remove N.N-dimethylacetamide (147g). Water (200g) is added to the viscous mass, 
the mixture is allowed to cool to 30'C. The precipitated solids are filtered, washed with wa- 
ter (5x200g) and dried. This gives a white solid (71.7 g), which is a mixture of 4-hydroxy- 

30 benzoic acid 1,2-phenylenebis-(methylene)ester and the corresponding compound (2) (ratio 
compound of type (1) to (2) = 80:13 by HPLC). 



WO 2004/099116 



PCT/EP2004/050607 



-30- 



10 



Exam P le P: A mixture of 4-hydroxybenzoic acid (73.0g, 0.528 mol) and N.N-dimethyl- 
acetamide (64.8g) are heated to 50 to 55°C and treated with potassium carbonate (40.1 g, 
0.290 mol). Dichloro-o-xylene (37.0 g, 0.21 mol) is then added and the reaction mixture 
heated to 90°C and held at this temperature for 5 hours. N.N-dimethyl-acetamide (64.8g) is 
then added and the suspension is filtered, the solid is washed with N f N^imethylac*tamide 
(50.0g). The combined mother liquors and wash are distPled under vacuum to remove N,N- 
dimethylacetamide (1 13g). After cooling to 60°C. methanol (52.8 g) is added, followed by 
water (240 g) and the solution is allowed to cool to 25°C. After precipitation, the solids are 
filtered, washed with water (5x200ml) and dried. This gives a white solid (70.9g), which is a 
mixture of 4-hydroxy-benzoic acid 1.2^henylenebis-(methylene)ester and the correspond- 
ing compound (2) (ratio compound of type (1) to (2) = 80:13 by HPLC). 
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The following examples illustrate the invention in farther detail but are not limitative of the 
scope of the invention. In the examples, unless otherwise stated, parts and % are parts by 
weight and % by weight, respectively. 
Example 1 : 

Preparatio n of Dispersion A-1 



3-dibuty!ammo-6-methyl-7-anilinofluoran 


6 parts 


10% aqueous solution of polyvinyl alcohol 


30 parts 


water 


4 parts 



The mixture of the above components is pulverised in a bead mill to a mean particle 
1.0 um. 



of 



Preparation of Dispersion B-1 



colour developer of Example C " " 


12 parts 


10% aqueous solution of polyvinyl alcohol (PVA-203 manufac- 
tured by Kuraray Co. Ltd) 


12 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


0.6 parts 
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I Water ' ~ 1 35.4 parts 

TU* riL. _ L : — : : ■ I 



^ mixture of the above components is pulverised in a bead mfll to a mean particle size ol 
1 .0 urn. 

Preparation of Dispersion C-1 



2-naphthyl benzyl ether 


12 parts 


10% aqueous solution of polyvinyl alcohol (PVA-203 manufac- 
tured by Kuraray Co. Ltd) 


12 parts 


water 


36 parts 


t ne mixLuie o! the above components is pulverised in a bead mill to a mean particle size of 
1.0 Jim. 

Preparation of Disoersion D-1 


pieuipilated calcium carbonate (Socal® P3 manufactured by 
Solvay Chemicals) 


55.5 parts 


sodium polyacrylate dispersant " 


0.5 parts 


water 


36.5 parts 



15 



1 .0 tmt. 



10 40 parts of Dispersion A-1 , 60 parts of Dispersion B-1. 60 parts of Dispersion C-1 , 92.5 
parts of Dispersion D-1, 29.5 parts of a 17% zinc stearate dispersion (Hidorin F 1 15, Chu- 
kyo Europe), 1 8 parts of 20% aqueous polyvinyl alcohol solution and 0.5 parts of Ciba® Ti- 
nopal® ABP-X fluorescent whitening agent are mixed with stirring. 



The coating composition thus obtained is applied to a base paper (having a pre-coating 
comprising organic hollow spheres having an average particle diameter of 1.0 pm; shell ma- 
terial: styrene/acrylic copolymer; weighing 50 g/m* in an amount of 6 g/m 2 (on a dry basis), 
followed by drying and calendering to 400 Bekk seconds smoothness to give a heat sens i 
tive recording paper. 

20 Example 2 : A coating composition is prepared as in Example 1 with the exception that 60 
parts of Dispersion C-1 are replaced with 60 parts of a 20% dispersion of stearamide 
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(Hymicron G-270, Chukyo Europe) and 18 parts of aqueous PVA 203 polyvinyl- alcohol solu- 
tion are replaced with 24 parts of aqueous polyvinyl alcohol solution. 

E* 3 ™^ 3 : A coating composition is prepared as in Example 1 with the exception that in the 
5 preparation of Dispersion B-1 , 12 parts of colour developer of Example C are replaced with 
12 parts of colour developer of Example D. 

gxample 4 : A coding composition is prepared as in Example 3 with the exception that 60 
parts of Dispersion C-1 are replaced with 60 parts of a 20% dispersion of stearamide 
10 (Hymicron G-270, Chukyo Europe) and 18 parts of aqueous polyvinyl alcohol solution are 
replaced with 24 parts of aqueous polyvinyl alcohol solution. 

E* 3 ™^ 5 : A coating composition is prepared as in Example 1 with the exception that in the 
preparation of Dispersion A-1 , 6 parts of 3-dibutylamino-6-methyl-7-anilinofluoran are re- 
placed with 6 parts of 3-(N-ethyl, N-isopentylamino>-6-methy|.7-anninofluoran. 

BgiBBig. 6 : A coating composition is prepared as in Example 5 with the exception that in the 
preparation of Dispersion B-1 f 12 parts of colour developer of Example C are replaced with 
12 parts of colour developer of Example D. 



15 



20 



25 



Exampie 7 A *»efoiQ composition is prepared as in Example 1 with the exception that in the 
preparation of Dispersion A-1, 6 parts of 3-dibutylamino-6-methyl-7-anilinofluoran are re- 
placed with 6 parts of 3-diethylamino-6-methyI-7-aniIinofluoran. 

ExampIe 8 : A coating composition is prepared as in Example 7 with the exception that in the 
preparation of Dispersion B-1 , 12 parts of colour developer of Example C are replaced with 
12 parts of colour developer of Example D. 



E^P 1 " : A ooaWn fi composition is prepared as in Example 2 with the exception that in the 
preparation of Dispersion B-1 , 1 2 parts of colour developer of Example C are replaced with 
30 1 2 parts of colour developer of Example E. 

Example 10 : A coating composition is prepared as in Example 1 with the exception that in 
the preparation of Dispersion A-1 , 6 parts of 3-dibutylamino-6-methyl-7-anilinofluoran are 
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replaced with 6 parts of 3^^lhyl4sJ-p-tolylamino)^ethyl-7^nilinofluoran; in the prepara- 
tion of Dispersion B-1 , 12 parts of colour developer of Example C are replaced with 12 parts 
of colour developer of Example H and in the preparation of Dispersion C-1 , 12 parts of 2- 
naphthyl benzyl ether are replaced with 12 parts of 1 ,2-di(3-methylphenoxy)ethane. 



ExamDles 11-29 




Preparation of Dispersion A-2 




3-dibutylamino-6-methyl-7-anninofluoran 


10 parts 


10% aqueous solution of polyvinyl alcohol (PVA-203 manufac- 
tured by Kuraray Co. Ltd) 


15 parts 


water 


15 parts 


Tne mature or tne above components is pulverised in a bead miil to a mean particle size of 
1.0 jam. 


Preparation of DisDersion B-2 




colour developer of Example H 


20 parts 


10% aqueous solution of polyvinyl alcohol (PVA-203 manufac- 
tured by Kuraray Co. Ltd) 


30 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


1 part 


water 


29 parts 


The mixture of the above components is pulverised in a bead mill to a mean particle size 
of 1 .0 jim. 


Preoaratlon of Dispersion 




1 ,2-di(3-methylphenoxy)ethane 


20 parts 


10% aqueous solution of polyvinyl alcohol (PVA-203 manufac- 
tured by Kuraray Co. Ltd) 


30 parts 


Water * 


30 parts 



The mixture of the above components is pulverised in a bead mill to a mean particle size o1 
1.0 ]im. 



WO 2004/099116 



PCT7EP2004/050607 



-34- 



Preparatio n of Disp ersion n-9 



precipitated calcium carbonate (Socal® P3 manufactured by 

Solvay Chemicals) 


30 parts 


sodium polyacrylate dispersant 


0.1 parts 


water 

Tne mixture of the above comoonents is nnlvertceH in =» «»i * 


69.9 parts 



1.0 urn. 

Preparation of Disp ersion n_i 



aluminium trihydroxide (Martffin® OL-107 manufactured by Mar- 
tinswerk GmbH) 


30 parts 


sodium polyacrylate dispersant 


0.1 parts 


water " ~ 

T?ie mixture of the above comoonents is nnh/oricort .*« ~ ~,:n * 


69.9 parts 



1.0 um. 

Preparation of Disnerslnn n-A 



amorphous silica (Thermosil manufactured by SOd Chemie AG) 



sodium polyacrylate dispersant 
WateT 



30 parts 



0.13 parts 



The mixture of the above components is pulverised in a bead mill to 
1 .0 urn. 

10 Preparation of Dispersion D-5 



69.87 parts 



a mean particle size of 



china clay (China Clay SPS manufactured by ECC international) 



sodium polyacrylate dispersant 



water 



30 parts 



0.1 parts 



69.9 parts 



1716 mbrture ofthe above components is pulverised in a bead mill to a mean particle size oi 
1.0 um. 
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^ISBlell : 40 parts of Dispersion A-2, 80 parts of Dispersion B-2, 80 parts of Dispersion 
C-2, 100 parts of Dispersion D-2, 38.25 parts of a 17% zinc stearate dispersion (Hidorin F 
115, Chukyo Europe). 27.5 parts of 20% aqueous PVA 203 polyvinyl alcohol solution and 
0.5 parts of Ciba® Tinopal® ABP-X fluorescent whitening agent are mixed with stirring. 

The coating composition thus obtained is applied to a base paper [having a pre-coating 
comprising Ansilex® 93 clay (Engelhard Corporation) Jweighing 50 g/m 2 in an amount of 
5 g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
ness to give a heat sensitive recording paper. 



Example 12 : A coating composition is prepared as in Example 1 1 with the exception that 
100 parts of Dispersion D-2 are replaced with 100 parts of Dispersion D-3. 

Zx^Pte 13 : A coating composition is prepared as in Example 1 1 with the exception that 
15 100 parts of Dispersion D-2 are replaced with 100 parts of Dispersion D-4. 

Example 14 : A coating composition is prepared as In Example 1 1 with the exception that 
100 parts of Dispersion D-2 are replaced with 100 parts of Dispersion D-5. 

20 Example 15 : A coating composition is prepared as in Example 1 1 with the exception that 
100 parts of Dispersion D-2 are replaced with 48.8 parts of a 61 .5% aqueous dispersion of 
talc (Finntalc 010 XR manufactured by Mondo Minerals Oy) and 51.2 parts of water. 

Example 16 : A coating compostion is prepared as in Example 2 with the exception that in 
25 the preparation of Dispersion B-1, 12 parts of color developer of Example C are replaced 
with 12 parts of colour developer of Example J. 

Example17 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of Dispersion B-2, 20 parts of colour developer of Example H are replaced 
30 with 20 parts of colour developer of Example K and in the preparation of dispersion C-2, 20 
parts of 1 ,2-di(3-methylphenoxy)ethane are replaced with 20 parts of 2-naphthyl benzyl ' 
ether. 
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Example 18 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of Dispersion B-2, 20 parts of colour developer of Example H are replaced 
with 20 parts of colour developer of Example K and in the preparation of Dispersion C-2, 20 
parts of 1,2-di(3-methylphenoxy)ethane are replaced with 20 parts of 1,2-<Jiphenoxyethane. 

5 

Example 19 : A coating composition is prepared as in Example 18 with the exception that in 
the preparation of Dispersion A-2, 10 parts of 3-dibutylamino-6-methyl-7-anilinofluoran are 
replaced with 10 parts of 3-dipentylamino-6-methyI-7-anilinofluoran. 

10 Example 20 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of Dispersion B-2. 20 parts of colour developer of Example H are replaced 
with 20 parts of colour developer of Example K and in the preparation of Dispersion C-2, 20 
parts of 1 ,2-di(3-methylphenoxy)ethane are replaced with 20 parts of di-(p- 
methylbenzyl)oxalate. 

15 

Example 21 : A coating composition is prepared as in Example 20 with the exception that in 
the preparation of Dispersion A-2, 10 parts of 3-dibutylamino-6-methyl-7-anilinofluoran are 
replaced with 10 parts of 3-dipentylamino-6-methyl-7-anilinofluoran. 

20 Example 22 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of Dispersion B-2, 20 parts of colour developer of Example H are replaced 
with 20 parts of colour developer of Example K and in the preparation of Dispersion C-2, 20 
parts of 1,2-di(3-methylphenoxy)ethane are replaced with 20 parts of 1,2-bis(3,4- 
dimethylphenyl)ethane. 

25 

Example 23 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of Dispersion B-2, 20 parts of colour developer of Example H are replaced 
with a mixture of 20 parts of colour developer of Example K and 5 parts of 1 , 1 ,3-tris(3^ 
cyclohexyW-hydroxy-e'-methylphenyObutane and in the preparation of Dispersion D-2, 30 
30 parts of precipitated calcium carbonate are replaced with 25 parts of precipitated calcium 
carbonate. 
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Example 24 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of of Dispersion B-2, 20 parts of colour developer of Example H are re- 
placed with a mixture of 20 parts of colour developer of Example K and 5 parts of 1,1,3- 
tris(3^tert-butyl-4^hydroxy-6'-methyiphenyl)butane and in the preparation of Dispersion D-2 f 
5 30 parts of precipitated calcium carbonate are repalced with 25 parts of precipitated calcium 
carbonate. 

Example 25 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of of Dispersion A-2, 10 parts of 3-dibutyiamino-6-methyl-7-anninofluoran 
10 are replaced with a mixture of 7 parts of 3-dibutyiamino-6-methyl-7-anilinofluoran and 3 
parts of SKN^thyl.N-isopentylaminoJ-e-methyl^-anilinofluoran; in the preparation of Dis- 
persion B-2, 20 parts of colour developer of Example H are replaced with 20 parts of colour 
developer of Example K and in the preparation of Dispersion C-2, 20 parts of 1,2-di(3- 
methylphenoxy)ethane are replaced with 20 parts of p-tolyl biphenyl ether. 

15 

Example 26 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of of Dispersion A-2, 10 parts of 3-dibutylamino-6-methyl-7-anilinofluoran 
are replaced with 10 parts of 3,3-bis(4-dimethylaminophenyl)^-dimethylaminophthalide; in 
the preparation of Dispersion B-2. 20 parts of colour developer of Example H are replaced 
20 with 20 parts of colour developer of Example K; 80 parts of Dispersion C-2 are replaced 
with 100 parts of a 20% dispersion of stearamide (Hymicron G-270, Chukyo Europe) and 
27.5 parts of aqueous polyvinyl alcohol solution are replaced with 42.5 parts of aqueous 
PVA 203 polyvinyl alcohol solution. 

25 Example 27 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of of Dispersion A-2, 10 parts of 3-dibutylamino-6-methyl-7-anilinofluoran 
are replaced with 10 parts of 3-diethylaminofluoran-7-carboxylic acid, ethyl ester and in the 
preparation of Dispersion B-2, 20 parts of colour developer of Example H are replaced with 
20 parts of colour developer of Example K. 

30 

Example 28 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of of Dispersion A-2, 10 parts of 3-dibutylaminO"6-methyl-7-anilinofIuoran 
are replaced with 10 parts of 3-diethylamino-benzo [a] fluoran and in the preparation of Dis- 
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pension B-2, 20 parts of colour developer of Example H are replaced with 20 parts of colour 
developer of Example K. 

Example 29 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of of Dispersion A-2, 10 parts of 3-dibutylamino-6-methyl-7.anninofluoran 
are replaced with 10 parts of 3^iethylamino-6,8-dimethylfluoran and in the preparation of 
Dispersion B-2, 20 parts of colour developer of Example H are replaced with 20 parts of 
colour developer of Example K. 



Example 30 : A coating composition is prepared as in Example 1 1 with the exception that in 
the preparation of Dispersion B-2, 20 parts of colour developer of Example H are replaced 
with 20 parts of colour developer of Example K. The coating composition is applied to a 
base paper weighing 50 g/m 2 in an amount of 5.5 g/m 2 (on a dry basis), followed by drying 
and calendering to 400 Bekk seconds smoothness to give a heat sensitive recording paper. 
15 The base paper had been pre-coated with a mixture of Ansilex® clay (Engelhard Corpora- 
tion) and Ropaque® (Rohm & Haas) styrene/acrylic hollow spheres. 

Example 31 : A coating composition is prepared as in Example 30 with the exception that in 
the preparation of dispersion C-2, 20 parts of 1 .2-di(3-methylphenoxy)ethane are replaced 
20 with 20 parts of 2-naphthyl benzyl ether. 

Example 32 : A coating composition is prepared as in Example 30 with the exception that in 
the preparation of dispersion A-2, 10 parts of 3-di butyl amino-6-methyl-7-anilinofluoran are 
replaced with 10 parts of 3-diethyIamino-6-methyl-7 (3-methylphenylamino) fluoran. 

25 

Example 33 : A coating composition is prepared as in Example 32 with the exception that in 
the preparation of dispersion C-2, 20 parts of 1 ,2-di(3-methylphenoxy)ethane are replaced 
with 20 parts of 2-naphthyl benzyl ether. 

30 Example 34 : A coating composition is prepared as in Example 30 with the exception that in 
the preparation of dispersion A-2, 10 parts of 3-dibutylamino-6-methyl-7-anilinofluoran are 
replaced with 10 parts of 3-(N-methyl, N-cyclohexylamino)-6-methyl-7-anilinofluoran. The 
coating was applied to the pre-coated base paper with a coatweight of about 5g/m 2 . 
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Exam P' e 35 : A coaling composition is prepared as in Example 31 with the exception that in 
the preparation of dispersion A-2, 10 parts of 3-dibutylamino^-methyf-7-aniIinofluoran are 
replaced with 10 parts of 3-(N-ethyl, N-isoperrtylamino)-6-methyi-7-anilinofluoran. The coat- 
5 ing was applied to the pre-coated base paper with a coatweight of about 5g/m 2 . 

Example 36 : A coating composition is prepared as in Example 30 with the exception that in 
the preparation of dispersion A-2, 10 parts of 3-<iibutylamino-6-methyl-7-anilinofluoran are 
replaced with 10 parts of 3-(4-diemylamino-2^thoxyphenyl)-3-(1^ctyl-2-methylindole-3-yl)- 
10 4-azaphthalide and 80 parts of Dispersion C-2 are replaced with 100 parts of a 20% aque- 
ous dispersion of stearamide (Hymicron G-270, Chukyo Europe). The coating was applied 
to the pre-coated base paper with a coatweight of about 5g/m 2 . 



15 



Example 37 : A coating composition is prepared as in Example 35 with the exception that 
80 parts of Dispersion C-2 are replaced with 100 parts of a 20% aqueous dispersion of 
stearamide (Hymicron G-270, Chukyo Europe). The coating was applied to the pre-coated 
base paper with a coatweight of about 5g/m 2 . 

Example 38 : 40 Parts of Dispersion A-2, 80 parts of Dispersion B-2 in which the colour de- 
20 veloper of Example H is replaced by the colour developer of Example K, 150 parts of Dis- 
persion C-1. 33.3 parts of Dispersion D-2, 38.25 parts of a 17% zinc stearate dispersion 
(Hidorin F 1 15, Chukyo Europe), 27.5 parts of 20% aqueous PVA 203 polyvinyl alcohol so- 
lution and 0.5 parts of Ciba® Tinopal® ABP-X fluorescent whitening agent are mixed with 
stirring. 



25 



30 



The coating composition thus obtained is applied to a base paper [having a pre-coating 
comprising Ansilex® 93 clay (Engelhard Corporation) Jweighing 50 g/m 2 in an amount of 
4 g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
ness to give a heat sensitive recording paper. 

A protective layer comprising Coating Composition E-1 was then applied in an amount of 3 
g/m 2 (on a dry basis) to the heat sensitive recording material, followed by drying and calen- 
dering to 400 Bekk seconds smoothness. 
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Preoaration of Coatina Composition E-1 




10% aqueous solution of polyvinyl alcohol (PVA-105 manufac- 
tured by Kuraray Co. Ltd) 


100 parts 


Ansilex 93 calcined clay (Engelhard Corporation) 


10 parts 


17% zinc stearate dispersion (Hidorin F 1 15, Chukyo Europe) 


5.9 parts 


40% aqueous solution of glyoxal 


2.5 parts 


Water 


39 parts 


Example 39 : A heat sensitive recording paper containing a protective layer was prepared 
as in Example 38 with the exception that Coating Composition E-1 was replaced by Coating 
Composition E-2. 


PreDaration of Coatinq ComDosition 




10% aqueous solution of carboxylated polyvinyl alcohol (Poval 
KM 61 8K manufactured by Kuraray Co. Ltd) 


80 parts 


aluminium tnhydroxide (Martifin® OL-107 manufactured by Mar- 
tinswerk GmbH) 


10 parts 


sodium polyacrylate dispersant 


0.25 parts 


17% zinc stearate dispersion (Hidorin F 115, Chukyo Europe) 


5.9 parts 


40% aqueous solution of glyoxal 


2.5 parts 


Water 


40 parts 


Example 40 : A heat sensitive recording paper containing a protective layer was prepared 
as in Example 38 with the exception that Coating Composition E-1 was replaced by Coating 
Composition E-3. 


Preparation of Coatina Composition E-3 




10% aqueous solution of acetoacetyl-modified polyvinyl alcohol 
(Gohsefimer Z-200 manufactured by Nippon Synthetic Chemical 
Industry) 


50 parts 
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Kaolin (Astra Plate SD manufactured by Imerys) 


15 parts 


17% zinc stearate dispersion (Hidorin F 115, Chukyo Europe) 


6.6 parts 


Water — " 


85 parts 


Examp!e41 : A neat sensitive recording paper containing a protective layer was prepared 
as in Example 38 with the exception that Coating Composition E-1 was replaced by Coating 
Composition E-4. 

Preparation of Coatinq Composition E-4 


10% aqueous solution of silanol-modified polyvinyl alcohol 
(PVA R-3109 manufactured by Kuraray Co. Ltd.) 


70 parts 


aluminium trihydroxide (Martifin® OL-107 manufactured by Mar- 
tinswerk GmbH) 


2.7 parts 


17% zinc stearate dispersion (Hidorin F 115, Chukyo Europe) 


1.8 parts 


Example 42 : A heat sensitive recording paper containing a protective layer was prepared 
as in Example 38 with the exception that Coating Composition E-1 was replaced by Coating 
Composition E-5 and the paper was calendered to 1 000 Bekk seconds smoothness. 

Preparation of Coatina Comrjositlon F-5 


10% aqueous solution of silanol-modified polyvinyl alcohol 
(PVA R-3109 manufactured by Kuraray Co. Ltd.) 


70 parts 


aluminium trihydroxide (Martifin® OL-107 manufactured by Mar- 
tinswerk GmbH) 


2.4 parts 


17% zinc stearate dispersion (Hidorin F 115, Chukyo Europe) 


1.8 parts 


4U% aqueous solution of glyoxal 


0.6 parts 



Example 43 : A heat sensitive recording paper containing a protective layer was prepared 
as in Example 38 with the exception that Coating Composition E-1 was replaced by Coating 
Composition E-6 and the paper was calendered to 1 000 Bekk seconds smoothness. 



WO 2004/099116 



PCT/EP2004/050607 



-42- 



Preparation of Coatina Comoosrtion E-6 


1U /o .aqueous solution or carboxylated polyvinyl alcohol (PovaJ 
KM 61 8K manufactured by Kuraray Co. Ltd) 


100 parts 


Kaolin (Astra Plate SD manufactured by Imerys) 


20 parts 


17% zinc stearate dispersion (Hidorin F 115, manufactured 
by Chukyo Europe) 


8.8 parts 


13% aqueous solution of polyamide-epichlorohydrin resin 
(Polycup® LX resin, manufactured by Hercules Ltd.) 


30.8 parts 


water 


190 parts 


Example 44 : A heat sensitive recording paper containing a protective layer was prepared 
as in Example 38 with the exception that Coating Composition E-1 was replaced by Coating 
Composition E-7 and the paper was calendered to 1 000 Bekk seconds smoothness. 


Preparation of Coatino ComDosition F-7 




10% aqueous solution of carboxylated polyvinyl alcohol (Poval 
KM 618K manufactured by Kuraray Co. Ltd) 


100 parts 


aluminium trihydroxide (Martifin® OL-107 manufactured by Mar- " 
tinswerk GmbH) 


20 parts 


17% zinc stearate dispersion (Hidorin F 115, manufactured 
by Chukyo Europe) 


8.8 parts 


13% aqueous solution of polyamide-epichlorohydrin resin 
(Polycup® LX resin, manufactured by Hercules Ltd.) 


30.8 parts 


water 


131 parts 


Example 45, : A heat sensitive recording paper containing a protective layer was prepared 
as in Example 38 with the exception that Coating Composition E-1 was replaced by Coating 
Composition E-8. 


Preparation of Coatinq Composition E-ft 




1 0% aqueous solution of silanol-modified polyvinyl alcohol j 


157.5 parts J 
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(PVA R-3109 manufactured by Kuraray Co. Ltd.) 




aluminium trihydroxfde (Martifin® OL-107 manufactured by Mar- 
tinswerk GmbH) 


80 parts 


17% zinc stearate dispersion (Hidorin F 115, Chukyo Europe) 


11.7 parts 


40% aqueous solution of glyoxal 


5.6 parts 


water 


250 parts 



Example 46 : A heat sensitive recording paper containing a protective layer was prepared 
as in Example 38 with the exception that Coating Composition E-1 was replaced by Coating 
Composition E-9. 



Preparation of Coating Composition E-9 



10% aqueous solution of silanol-modified polyvinyl alcohol 
(PVA R-3109 manufactured by Kuraray Co. Ltd.) 


157.5 parts 


aluminium trihydroxlde (Martifin® OL-107 manufactured by Mar- 
tinswerk GmbH) 


80 parts 


17% zinc stearate dispersion (Hidorin F 115, manufactured 
by Chukyo Europe) 


1 1 .7 parts 


13% aqueous solution of polyamide-epichlorohydrin resin 
(Polycup® LX resin, manufactured by Hercules Ltd.) 


17.3 parts 


water 


250 parts 


Examples 47-49 
Preparation of Dispersion A-3 


3-dibutylamino-6-methyl-7-anilinofluoran 


10 parts 


10% aqueous solution of polyvinyl alcohol (PVA-203 manufac- 
tured by Kuraray Co. Ltd) 


20 parts 


water 


10 parts 



10 



1.0 urn. 
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Preparation of Dispersion Fua 



colour developer of Example K 


25 parts 


iw/o dquuuua ouiuuun ur polyvinyl ajconoi (HVA-203 manufac- 
tured by Kuraray Co. Ltd) 


5 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


1.1 parts 


water 


40.4 parts 


The mixture of the above components is pulverised in a bead mill t 
of 1.0 urn. 

Preparation of Dispersion C-3 


0 a mean particle size 


1 ,2-di(3-methylphenoxy)ethane ~~ 


20 parts 


10% aqueous solution of polyvinyl alcohol (PVA-203 manufac- 
tured by Kuraray Co. Ltd) 


6.7 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


0.8 parts 


Water ' — 


52.5 parts 



1.0 >im. 

Preparatio n of Dispersion n-R 



i a mean particle size of 



precipitated calcium carbonate (Socal® P3 manufactured by 

Solvay Chemicals) 


25 parts 


sodium polyacrylate dispersant 


0.25 parts 


water ~ " ' 

The mixture of the above component** is nnivortcoH i« « k~~«4 _ M i * 


16.4 parts 



10 



1.0 pm. 

Example 47 : 40 parts of Dispersion A-3, 71 .5 parts of Dispersion B-3. 80 parts of Dispersion 
C-3. 41 .65 parts of Dispersion D-6, 38.25 parts of a 1 7% zinc stearate dispersion (Hidorin F 
115. Chukyo Europe). 49.2 parts of 20% aqueous PVA203 polyvinyl alcohol solution and 
2.2 parts of Ciba® Tinopal® ABP-Z fluorescent whitening agent are mixed with stirring. 
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The coating composition thus obtained is applied to a base paper [having a pre-coating 
comprising Ansilex® 93 day (Engelhard Corporation) ] weighing 50 g/m 2 in an amount of 
4.5 g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
ness to give a heat sensitive recording paper. 

Example 48 : A coating composition is prepared as in Example 47 with the exception that in 
the preparation of Dispersion C-3 f 20 parts of 1.2-di(3-methylphenoxy)ethane are replaced 
by 20 parts p-benzylbiphenyf. 

. Example 49 : A coating composition is prepared as in Example 47 with the exception that in 
the preparation of Dispersion C-3, 20 parts of 1 f 2-di(3-methylphenoxy)ethane are replaced 
by 20 parts 2-naphthyl benzyl ether. 



Preparation of Dispersion B-4 



colour developer of Example K 


20 parts 


10% aqueous solution of sulfonated polyvinyl alcohol (Goh- 
seran L3266 manufactured by Nippon Gohsei) 


4.0 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


0.85 parts 


water 


25.15 parts 


The mixture or ine aoove components is pulverised in a bead mill to a mean particle size 
of 1 .0 urn. 

Preparation of Dispersion D-7 


precipitated calcium carbonate (Socai® P3 manufactured by 
Solvay Chemicals) 


30 parts 


sodium polyacrylate dispersant 


0.30 parts 


water 


19.7 parts 



The mixture of the above components is pulverised in a bead mill to a mean particle size o 
1.0 um. 



20 



Example 50 : 40 parts of Dispersion A-3, 50 parts of Dispersion B-4, 80 parts of Dispersion 
C-3, 50 parts of Dispersion D-7, 38.25 parts of a 17% zinc stearate dispersion (Hidorin F 
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1 15, Chukyo Europe), 49.65 parts of 20% aqueous PVA 203 polyvinyl alcohol solution and 
2.2 parts of Ciba® TinopaJ® ABP-Z fluorescent whitening agent are mixed with stirring. 

The coating composition thus obtained is applied to a base paper [having a pre-coating 
5 comprising Ansflex® 93 clay (Engelhard Corporation) ] weighing 50 g/m 2 in an amount of 
4.5 g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
ness to give a heat sensitive recording paper. 

Example 51 : A coating composition is prepared as in Example 50 with the exception that in 
10 the preparation of Dispersion C-3, 20 parts of 1 ,2-di(3-methylphenoxy)ethane are replaced 
by 20 parts p-benzylbiphenyl. 

Example 52 : A coating composition is prepared as in Example 50 with the exception that in 
the preparation of Dispersion C-3, 20 parts of 1 ,2-di(3-methylphenoxy)ethane are replaced 
15 by 20 parts 2-naphthyl benzyl ether. 

Example 53 : A coating composition is prepared as in Example 47 with the exception that in 
the preparation of Dispersion A-3, 10 parts of 3-dibutylamino-6-methyl-7-aniIinofluoran are 
replaced by a mixture of 7.5 parts 3-dibutylamino-6-methyl-7-anilinofluoran and 2.5 parts 3- 
20 (N-ethyl, N-isopentylamino)-6-methyl-7-anilinofluoran. 

Example 54 : A coating composition is prepared as in Example 48 with the exception that in 
the preparation of Dispersion A-3, 10 parts of 3-dibutylamino-6-methyl-7-anilinofIuoran are 
replaced by a mixture of 7.5 parts 3-dibutylamino-6-methyI-7-anilinofluoran and 2.5 parts 3- 
25 (N-ethyl, N-isopentylamino)-6-methyl-7-anilinofluoran. 

Example 55 : A coating composition is prepared as in Example 49 with the exception that in 
the preparation of Dispersion A-3, 10 parts of 3-dibutylamlno-6-methyl-7-anilinofluoran are 
replaced by a mixture of 7.5 parts 3-dibutylamino-6-methyl-7-anilinofIuoran and 2.5 parts 3- 
30 (N-ethyl, N-isopentylamino)^-methyl-7-anflinofIuoran. 

Example 56 : A coating composition is prepared as in Example 47 with the exception that in 
the preparation of Dispersion A-3, 10 parts of 3-dibutyIamino-6-methyl-7-anilinofluoran are 
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replaced by a mixture of 5 parts 3-dibutylarnino-6-melhy1-7-anninonuoran and 5 parts 3-{N- 
ethyl, N-«soperitylamino)-6-methyl-7-ani]inofluoran. 

Example 57 : A coating composition is prepared as in Example 48 with the exception that ir 
the preparation of Dispersion A-3, 10 parts of 3-dibutylamino-6-methyl-7-aniiinofluoran are 
replaced by a mixture of 5 parts 3-dibutylamino-6-methyl-7-anilinofluoran and 5 parts 3-{N- 
ethyl, N-isopentylamino)-6-methyl-7-anflinofluoran. 

Example 58 : A coating composition is prepared as in Example 49 with the exception that in 
the preparation of Dispersion A-3 f 10 parts of 3-dibutylamino-6-methyl-7-aniIinofluoran are 
replaced by a mixture of 5 parts 3^ibutylamino-6-memyl-7-anilinofluoran and 5 parts 3-<N- 
ethyl, N-isopentylamino)-6-methyl-7-anilinofluoran. 



Examples 59-61 
15 Preparation of Dispersion B-5 



colour developer of Example K 


20 parts 


1 ,2-di(3-methylphenoxy)ethane 


20 parts 


10% aqueous solution of polyvinyl alcohol (PVA 203 manufac- 
tured by Kuraray Co. Ltd.) 


4.0 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


0.85 parts 


water 


55.15 parts 



The mixture of the above components is pulverised in a bead mill to a mean particle sh 
of 1 .0 jim. 



Exam P |e 59 : 40 P arts of Dispersion A-3, 100 parts of Dispersion B-5. 50 parts of Dispersion 
D-7, 38.25 parts of a 17% zinc stearate dispersion (Hidorin F 1 15, Chukyo Europe), 53.0 
parts of 20% aqueous PVA 203 polyvinyl alcohol solution and 2.2 parts of Ciba® Tinopal® 
ABP-Z fluorescent whitening agent are mixed with stirring. 
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The coating composition thus obtained is applied to a base paper [having a pre-coating 
comprising Ansflex® 93 clay (Engelhard Corporation) ] weighing 50 g/m 2 in an amount of 
4.5 g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
ness to give a heat sensitive recording paper. 

5 

Example 60 : A coating composition is prepared as in Example 59 with the exception that in 
the preparation of Dispersion B-5, 20 parts of 1 ,2-di(3-methylphenoxy)ethane are replaced 
with 20 parts p-benzylbiphenyl. 

10 Example 61 : A coating composition is prepared as in Example 59 with the exception that in 
the preparation of Dispersion B-5, 20 parts of 1 ,2-di(3-methylphenoxy)ethane are replaced 
with 20 parts 2-benzyl naphthyl ether. 

Examples 62-64 
15 Preparation of Dispersion B-6 



colour developer of Example K 


20 parts 


1 ,2-di(3-methylphenoxy)ethane 


20 parts 


10% aqueous solution of sulfonated polyvinyl alcohol (Goh- 
seran L3266 manufactured by Nippon Gohsei) 


4.0 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


0.85 parts 


water 


55.15 parts 



The mixture of the above components is pulverised in a bead mill to a mean particle size 
of 1.0 urn. 

20 

Example 62 : 40 parts of Dispersion A-3, 100 parts of Dispersion B-6, 50 parts of Dispersion 
D-7, 38.25 parts of a 17% zinc stearate dispersion (Hidorin F 1 15, Chukyo Europe), 53.0 
parts of 20% aqueous PVA 203 polyvinyl alcohol solution and 2.2 parts of Ciba® Tinopal® 
ABP-Z fluorescent whitening agent are mixed with stirring. 
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The coating composition thus obtained is applied to a base paper [having a pre-coating 
comprising Ansilex® 93 clay (Engelhard Corporation) ] weighing 50 g/m 2 in an amount of 
about 

4g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
5 ness to give a heat sensitive recording paper. 

Example 63 : A coating composition is prepared as in Example 62 with the exception that in 
the preparation of Dispersion B-6, 20 parts of 1 ,2-di(3-methylphenoxy)ethane are replaced 
with 20 parts p-benzylbiphenyl. 

10 

Example 64 : A coating composition is prepared as in Example 62 with the exception that in 
the preparation of Dispersion B-6, 20 parts of 1,2-di(3-methylphenoxy)ethane are replaced 
with 20 parts 2-benzyl naphthyl ether. 

15 Examples 65-6B 

Preparation of Dispersion B-7 



colour developer of Example K 


20 parts 


10% aqueous solution of polyvinyl alcohol (PVA 203 manufac- 
tured by Kuraray Co. Ltd.) 


13.3 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


1.2 parts 


water 


45.5 parts 



The mixture of the above components is pulverised In a bead mill to a mean particle size 
of 1.0 urn. 



20 Preparation of Dispersion C-4 



Diphenyl sulphone 


20 parts 


10% aqueous solution of polyvinyl alcohol (PVA-203 manufac- 
tured by Kuraray Co. Ltd) 


6.7 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


0.8 parts 


Water 


52.5 parts 



The mixture of the above components is pulverised in a bead mill to a mean particle size of 



WO 2004/099116 



PCT/EP2004/050607 



-50- 



1.0 pm. 

Example 65 : 40 parts of Dispersion A-3, 80 parts of Dispersion B-7, 80 parts of Dispersion 
C-4, 50 parts of Dispersion D-7, 38.25 parts of a 17% zinc stearate dispersion (Hidorin F 
1 15, Chukyo Europe), 45 parts of 20% aqueous PVA 203 polyvinyl alcohol solution and 2.2 
5 parts of Ciba® Tinopal® ABP-Z fluorescent whitening agent are mixed with stirring. 

The coating composition thus obtained is applied to a base paper [having a pre-coating 
comprising Ansilex® 93 clay (Engelhard Corporation) ] weighing 50 g/m 2 in an amount of 
about 

10 4.5g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
ness to give a heat sensitive recording paper. 

Example 66 : A coating composition is prepared as in Example 65 with the exception that in 
the preparation of Dispersion C-4, 20 parts of diphenyl sulphone are replaced with 20 parts 
15 dibenzyl terephthalate. 



Example 67 : A coating composition is prepared as in Example 65 with the exception that in 
the preparation of Dispersion C-4, 20 parts of diphenyl sulphone are replaced with 20 parts 
phenyl-1-hydroxy-2-naphthoate. 

20 

Example 68 : A coating composition is prepared as in Example 65 with the exception that 
80 parts of Dispersion C-4 are replaced with 100 parts of a 20% aqueous dispersion of me- 
thylolstearamide (Selosol D-130 manufactured by Chukyo Europe) . 

25 Preparation of Dispersion B-8 



colour developer of Example O " " 


20 parts 


10% aqueous solution of polyvinyl alcohol (PVA 203 manufac- 
tured by Kuraray Co. Ltd.) 


13.3 parts 


45% aqueous solution of sodium naphthalene sulphonate poly- 
mer with formaldehyde 


1.2 parts 


water " ~ 


45.5 parts 
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The mixture of the above components is pulverised in a bead mili to a mean partide size 
of 1.0 urn. 

Exam P |e 69 : 40 Parts of Dispersion A-3, 80 parts of Dispersion B-8, 80 parts of Dispersion 
C-3, 50 parts of Dispersion D-7, 38.25 parts of a 17% zinc stearate dispersion (Hidorin F 
1 15, Chukyo Europe), 45 parts of 20% aqueous PVA 203 polyvinyl alcohol solution and 2.2 
parts of Ciba® Tinopal® ABP-Z fluorescent whitening agent are mixed with stirring. 



The coating composition thus obtained is applied to a base paper [having a pre-coating 
comprising Ansilex® 93 clay (Engelhard Corporation) ] weighing 50 g/m 2 in an amount of 
10 about 

4.5g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
ness to give a heat sensitive recording paper. 

Examples 70 - 72 

15 Example 70 : 40 parts of Dispersion A-3, 80 parts of Dispersion B-7, 80 parts of Dispersion 
C-3, 48.3 parts of Dispersion D-7, 20 parts of a 20% aqueous dispersion of stearamide 
(Hymicron G-270, Chukyo Europe), 20.6 parts of a 17% zinc stearate dispersion (Hidorin F 
115, Chukyo Europe), 45 parts of 20% aqueous PVA 203 polyvinyl alcohol solution and 2.2 
parts of Ciba® Tinopat® ABP-Z fluorescent whitening agent are mixed with stirring. 

20 

The coating composition thus obtained is applied to a base paper [having a pre-coating 
comprising Ansilex® 93 clay (Engelhard Corporation) ] weighing 50 g/m 2 in an amount of 
about 

4.5g/m 2 (on a dry basis), followed by drying and calendering to 400 Bekk seconds smooth- 
25 ness to give a heat sensitive recording paper. 

Example 71 : A coating composition is prepared as in Example 70 with the exception that in 
the preparation of Dispersion C-3, 20 parts of 1,2-di(3-methylphenoxy)ethane are replaced 
with 20 parts 2-benzyl naphthyl ether. 

30 
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Example 72 : A coating composition is prepared as in Example 70 with the exception that in 
the preparation of Dispersion C-3 f 20 parts of 1 f 2-di(3-methylphenoxy)ethane are replaced 
with 20 parts p-benzylbiphenyl. 

Evaluation of Heat Se nsitive Recording Materials 

The heat sensitive recording materials prepared according to the invention are evaluated as 
described below and the results of the evaluations are summarised in Table 1 . 

Image Optical Density 

Using a Thermal Tester (Atlantek Model 200 manufactured by Atlantek Inc.), each heat sen- 
sitive recording material is printed at an applied energy of 0.50 mJ/dot and the density of 
the recorded image thus obtained is measured with a Macbeth 1200 Series densitometer. 



Background 

The optical density of the unrecorded portion of the heat sensitive material is measured with 
15 a Macbeth 1200 Series densitometer. 



Heat Resistance 

After printing, the heat sensitive recording material is stored for 24 hours in an oven main- 
tained at 60°C. The optical densities of the recorded and unrecorded portions are then 
20 measured with a Macbeth densitometer. 



Heat / Humidity Resistance 

After printing, the heat sensitive recording material is stored for 24 hours in an oven mail 
tained at40°C and 90% relative humidity. The optical densities of the recorded and unre 
25 corded portions are then measured with a Macbeth densitometer. 

Light Resistance 

After printing, the heat sensitive recording material is stored for 18 hours in a xenon 
weatherometer (Atlas Suntester CPS+, 250 W/m 2 ). The optica! densities of the recorded 
30 and unrecorded portions are then measured with a Macbeth densitometer. 

Oil Resistance 
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After printing, the heat sensitive recording material is gravure printed with cottonseed ofl 
and then stored for 24 hours in an oven maintained at 40*C. The optical density of the re- 
corded portion is then measured with a Macbeth densitometer. 



10 



Plastictser Resistance 

After printing, the heat sensitive recording material is contacted with a PVC strip under 
100g/cm 2 pressure and then stored for 6 hours in an oven maintained at 50*C. The optical 
density of the recorded portion is then measured with a Macbeth densitometer. 

lablei: Evaluation of Heat Sensitive Recording Materials 



Ex. 



Optical 
density (re- 
corded por- 
tion) 



1.20 



Optical den 
sity (unre- 
corded por- 
tion) 



0.05 
0.06 



Heat resis- 
tance 

(recorded por- 
tion^ 



1.22 



Heat resis- 
tance (unre- 
corded por- 
tion) 



0.17 



Heat / humidity 
resistance (re- 
corded portion) 



10 



11 



12 



13 



14 



15 



Compl 
6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



1.30 



1.17 



1.28 



1.21 



1.21 



1.25 



1.22 



1.25 



1.17 



1.34 



1.37 



1.40 



1.25 



1.34 
1.17 



1.30 

1.29 

1.26 

1.34 

1.32 

1.31 

1.36 

1.37 

1.32 

1.49 

1.11 

1.45 



0.05 



0.05 



0.08 



0.08 
0.12 



0.08 
0.05 



0.06 



0.05 



0.05 
0.06 



0.06 



0.06 



0.02 

0.02 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 



1.30 



1.22 



1.31 



1.25 



1.28 



1.27 



1.29 



1.17 



1.11 



1.25 



1.30 



1.34 



1.19 



1.26 



1.03 

1.29 
1.22 
1.19 
1.28 
1.25 
1.28 
1.31 
1.33 
1.30 
1.42 
0.99 
1.33 



0.18 



0.09 



0.09 



0.26 



0.15 



0.30 



0.18 



0.07 



0.06 



0.07 



0.08 



0.11 



0.11 



0.11 
0.02 



0.08 
0.06 
0.07 
0.05 
0.07 
0.04 
0.06 
0.06 
0.12 
0.08 
0.04 
0.05 



1.36 



1.22 



1.38 



1.19 



1.23 



1.24 



1.29 



1.23 



1.17 



1.28 



1.35 



1.34 



1.25 



1.31 



1.09 



1.30 
1.31 
1.27 
1.32 
1.33 
1.36 
1.38 
1.41 
1.32 
1.39 
0.97 
1.35 
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29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

_71 

72 



1.37 

1.40 

1.38 

1.43 

1.40 

1.39 

1.39 

1.43 

1.45 

1.22 

1.26 

1.17 

1.21 

1.27 

1.24 

1.24 

1.27 

1.25 

1.37 

1.34 

1.35 

1.32 

1.30 

1.30 

1.33 

1.28 

1.32 

1.34 

1.33 

1.35 

1.35 

1.33 

1.33 

1.13 

1.14 

1.15 

1.38 

1.34 

1.33 

1.39 

1.31 

1.30 

1.29 

1.28 



0.02 

0.03 

0.03 

0.05 

0.05 

0.05 

0.04 

0.04 

0.04 

0.04 

0.03 

0.05 

0.04 

0.05 

0.04 

0.04 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.02 

0.05 

0.03 

0.04 

0.02 

0.02 

0.02 

0.01 

0.01 

0.01 

0.04 

0.04 

0.04 

0.04 

0.03 

0.03 

0.03 

0.03 



1.30 

1.42 

1.42 

1.44 

1.43 

1.40 

1.41 

1.45 

1.43 

1.15 

1.22 

1.15 

1.24 

1.27 

1.22 

1.21 

1.18 

1.15 

1.35 

1.26 

1.35 

1.26 

1.28 

1.26 

1.31 

1.31 

1.32 

1.31 

1.33 

1.35 

1.31 

1.26 

1.31 

1.07 

1.00 

1.06 

1.36 

1.09 

1.34 

1.37 

1.26 

1.18 

1.12 

1.08 



0.09 

0.13 

0.16 

0.22 

0.23 

0.16 

0.18 

0.23 

0.20 

0.08 

0.06 

0.09 

0.06 

0.07 

0.11 

0.10 

0.06 

0.07 

0.12 

0.14 

0.14 

0.10 

0.13 

0.11 

0.16 

0.23 

0.20 

0.17 

0.22 

0.20 

0.08 

0.12 

0.10 

0.04 

0.05 

0.04 

0.07 

0.07 

0.07 

0.07 

0.10 

0.10 

0.10 

0.11 



1.33 

1.40 

1.29 

1.41 

1.31 

1.38 

1.34 

1.46 

1.46 

1.23 

1.31 

1.23 

1.25 

1.33 

1.27 

1.31 

1.32 

1.28 

1.37 

1.28 

1.34 

1.30 

1.27 

1.29 

1.32 

1.24 

1.32 

1.35 

1.33 

1.36 

1.33 

1.29 

1.33 

1.09 

0.98 

1.06 

1.32 

1.28 

1.28 

1.32 

1.29 

1.30 

1.29 

1.28 



I*. 


Heat / hu- 
midity resis- 


Light resis- 
tance (re- 


Light resis- 
tance 


Oil resistance 
(recorded por- 


Plasticiser re- 
sistance (re- 
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1 

2 
3 
4 
5 
6 

! 7 
8 


tance (un- 
recorded 
portion) 
0.15 
0.16 
0.07 
0.06 
0.22 
0.11 
0.33 
0.15 


corded por- 
tion) 

1.06 
! 1.18 
1.08 
1.17 
1.05 
1.09 
1.16 
1.13 


(unrecorded 
portion) 

0.10 
0.11 
0.10 
0.11 
0.13 
0.14 
0.18 


tion) 

j 1.15 
1.21 
1.15 
1.22 
1.15 
1.18 
1.21 


corded portion) 

1.21 
1.25 
1.21 
1.26 
1.24 
1.22 
1.25 


9 
10 
11 
12 
13 
14 
15 
Compi 
6 
17 
18 
19 
20 
21 
22 

23 

24 
! 25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 


0.06 
0.08 
0.05 
0.05 
0.06 
0.07 
0.07 
0.03 

0.05 
0.06 
0.05 
0.06 
0.05 
0.05 
0.07 
0.08 
0.11 
0.07 
0.02 
0.04 

0.06 | 

0.06 

0.08 

0.18 

0.19 

0.15 

0.17 

0.20 

0.17 

0.06 

0.05 [ 

0.08 

0.06 

0.08 

0.07 

0.10 


1.17 
1.05 
1.22 
1.28 
1.27 
1.18 
1.26 
1.02 

1.21 

1.22 

1.18 

1.24 

1.22 
M.21 

1.30 

1.34 

1.26 
0.25 
0.37 
0.96 
0.65 
1.35 
1.31 
1.39 
1.34 
1.35 
1.22 
1.03 
1.37 
1.02 
1.14 
1.06 
1.13 

1.19 I 

1.14 

1.06 


0.18 
0.07 
0.08 
0.08 
0.07 
0.07 
0.08 
0.08 
0.03 

0.06 

0.03 

0.05 

0.04 

0.06 

0.03 

0.03 

0.04 

0.05 

0.19 

0.12 

0.15 

0.18 

0.07 

0.07 

0.31 

0.30 

0.10 

0.12 

0.18 

0.12 

0.06 

0.07 

0.08 

0.09 

0.07 

0.09 

0.07 


1.20 
1.10 
0.36 
1.26 
1.27 
1.16 
1.26 
1.27 
0.33 

1.25 
1.30 
1.26 
1.33 
1.29 
1.31 
1.39 
1.37 

\ .OH 

1.40 
0.77 
0.77 
1.30 
1.37 

1.33 T 
1.39 
1.34 
1.42 

1.33 I 
1.43 

1.41 | 

1.11 

1.12 

1.11 

1.15 

1.23 

1.09 

1.11 


1.21 
1.21 
0.95 
1.26 
1.29 
1.31 
1.19 
1.27 
0.72 

1.27 

1.29 

1.26 

1.33 

1.31 

1.27 

1.35 

1.36 

1.33 

1.27 

0.56 

0.78 

1.18 

1.40 

1.36 

1.42 

1.42 

1.30 

1.39 

1.41 

1.42 

1.03 

1.21 

1.17 

1.24 J 
1.26 
1.21 
1.22 
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4S 


i O AC 
U.UO 


1.19 


0.06 


1.10 


1.18 


AfZ 
fD 


U.U4 


1.11 


0.04 


1.10 


LIS 


d7 

•#•/ 


u.uo 


! 1.31 


0.03 


1.37 


1 3fi 




AQ 
*rO 


n no 
u.uy 


1.23 


0.03 


1.18 


1 39 


/q 


n ih 
u.n 


1.24 


0.03 


1.24 


1.33 




i ou 


U.Ur 


1.22 


0.06 


1.25 


1.25 


O I 


U.U7 


1.19 


0.07 


1.14 


1.26 


52 


! 0.07 


1.14 


0.06 


1.17 


1.26 


I 53 


I 0.19 


1.32 


0.06 




1.33 


54 


0.20 


1.16 


0.07 


1.25 


1.28 


55 


0.19 


1.22 


0.06 


1.29 


1 33 


56 


0.25 


1.28 


0.08 


1.35 


13? 




57 


0.23 


1.22 


0.06 


1.28 


1.34 


58 


0.24 


1.21 


0.08 


1.31 


1.37 


59 


0.07 


1.23 


0.04 


1.28 


1.26 


60 


0.07 


1.19 


0.04 


1.23 


1.25 


61 


0.07 


1.19 


0.04 


1.25 


1.26 I 


62 


0.02 


0.96 


0.05 


0.90 


1.05 


63 


0.03 


0.93 


0.05 


0.84 


1.04 


64 


0.03 


0.94 


0.06 


0.84 


1.05 


65 


0.08 


1.28 


0.07 


1.30 


1.33 


66 


0.08 


1.11 


0.06 


1.27 


1.20 


67 


0.08 


1.22 


0.12 


1.28 


1.29 


68 


0.08 


1.32 


0.06 


1.35 


1.30 


69 


0.06 


1.21 


0.06 


1.27 


1.19 


70 


0.06 


1.17 


0.06 


1.26 


1.30 


71 
72 


0.06 
0.06 


1.10 
1.05 


0.06 
0.06 


1.16 

1.18 I 


1.29 
1.28 



